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(54) LIQUID CRYSTAL ALIGNMENT FILM AND METHOD OF PRODUCING THE SAME, AND 

LIQUID CRYSTAL DISPLAY USING THE SAME AND METHOD OF PRODUCING THE SAME 



(57) The purpose is to provide a liquid crystal align- 
ment layer of a muftidomain alignment type, winch is 
excellent in an alignment control characteristic and 
durability, and to provide a muftidomain type liquid crys- 
tal display device, which has a high image quality a high 
contrast a wide viewing angle and an excellent 
response, by using this liquid crystal alignment layer. 
This purpose can be actualized by a liquid crystal align- 
ment layer manufactured in the following method: using 
a chemical adsorbate comprising a photosensitive 
group, a silicon, and a linear carbon chain or a linear 
silaxane combined chain; forming a thin f im in a monol- 



ayer by chemisorbing the chemical adsorbate on a sur- 
face of a substrate with a display electrode; additionally, 
inclining an adsorbed molecule composing the thin film 
in a particular direction; later, crosslinking the adsorbed 
molecule to each other at its photosensitive group part 
by irradiating a patterned polarized light; and making an 
inclination and/or an alignment direction of a major axis 
of a molecule composing the thin film to the substrate 
plane differ in each of a plurality of divided sections into 
which a pixel is divided. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a liquid crystal alignment layer, a liquid crystal display device utilizing the 
same, and a manufacturing method of them. For further details, the present invention relates to a liquid crystal align- 
ment layer used for a plane display panel employing a liquid crystal for displaying a television (TV) image, a computer 
image and the like; and a manufacturing method thereof as well as a liquid crystal display device utilizing the same and 
a manufacturing method thereof. 

10 

BACKGROUND ART 

[0002] In recent years, the utilization of a liquid crystal display device capable of color display has expanded rapidly, 
and this device has a structure wherein a pair of substrates with a transparent electrode arrayed in a matrix and a liquid 
is crystal alignment layer formed on the transparent electrode is opposed through the liquid crystal alignment layers with 
a certain gap, and a liquid crystal is sealed between the gap. 

[0003] More specifically, a macromolecular film is formed on each surface of a first glass substrate with a pixel elec- 
trode and a thin-flm transistor (TFT) array and a second glass substrate with a plurality of red. blue and green color 
filters and a common transparent electrode on the color f Bters, and a alignment of the liquid crystal is provided by rub- 

20 bing the coated surfaces. Secondly, the first glass substrate and the second glass substrate are opposed through the 
coated surfaces (the liquid crystal alignment layers) with a spacer interposed, and an empty cell (a panel structure) is 
made by adhesion of a periphery of the substrates. A display element is constituted by sealing with a injection of such 
a liquid crystal as twisted nematic (TN) into the empty cell, and additionally, a liquid crystal display device as a optical 
display device is constituted by disposing polarizers on the front and back sides of the element as well as a backlight 

25 outside the first glass substrate. 

[0004] A liquid crystal display device having such a structure applies a voltage between the electrodes to obtain an 
ON/OFF state with the TFT. and controls a light transmission by changing an alignment state of the liquid crystal, and 
displays an arbitrary image. Accordingly, the liquid crystal alignment layers for controlling the alignment state of the liq- 
uid crystal on a path of the light transmission play a extremely important role of affecting a display performance. 

30 [0005] Macromolecular materials such as polyimide. polyamic acid fits precursor) and polyvinyl alcohol have con- 
ventionally been used widely as a liquid crystal aBgnment layer. The following method is used for manufacturing the liq- 
uid crystal alignment layer a method of rubbing the coated surface with a felt cloth after forming a fflm while applying a 
solution, wherein polyimide is dissolved in an organic solvent on a surface of a sttostrate by a rotational-coating 
method. 

35 [0006] However, according to this method, application unevenness and rubbing unevenness are caused by irregu- 
larities and differences in level on a surface of a substrate. In the case of a panel with a large area (for instance, 1 4-inch 
display), application unevenness and rubbing unevenness are caused further. Another problem is that TFT is damaged 
by static electricity generated while rubbing and display unevenness is caused by dust In rubbing. 
[0007] A troublesome process of alternating between masking and rubbing must be executed a plurality of times for 

40 manufacturing a multidomain type liquid crystal display device by a rubbing method. According to this method of repeat- 
ing the rubbing, even more serious problem is that TFT is damaged and dust comes out as descrfoed above as wen as 
the manufacturing efficiency of a liquid crystal panel deteriorates largely due to a complicated process. 

DISCLOSURE OF THE INVENTION 

45 

[0008] A series of the present invention descrfoed below has been intended in response to the above-mentioned 
problems. The purposes of a series of the present invention are: first, to provide a liquid crystal alignment layer com- 
prising a thin f am in nanometer order which can obtain a desirable alignment characteristic, which does not vary with 
an outer factor of heat and is excellent in an alignment control force over a liquid crystal molecule and does not hinder 
so light transmission and electric field in a liquid crystal cell; secondly, to provide a multidomain type liquid crystal display 
device having a wide viewing angle and a high-speed display response by using the above-mentioned liquid crystal 
alignment layer lastly, to provide a method of manufacturing the above-mentioned liquid crystal alignment layer and liq- 
uid crystal display device with a high productivity. 

[0009] Although a series of the present invention has been devised through a series of research and development 
65 which is closely relevant, each of a series of the present invention is described in different embodiments. Therefore, 
after a series of the present invention is divided into the first and second invention groups, each group will be detailed 
below. 
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[DISCLOSURE OF THE FIRST INVENTION GROUP] 

[001 0] The first invention group is constituted as described below. 

(1) A liquid crystal alignment layer comprising a thin film in a monolayer on a surface of a substrate with an elec- 

^^f^nr * f mC | leCU,e C ° mpOSin0 the thin ,i,m is ^ fixed on the surface of a suWe tri 

Wie above-mentoned molecule is crosslinked to each other in a state in which an inclination and/o ana^nSrt 
directive of a major axis of the molecule to the substrate are different in each area. aliment 
A thin film in a monolayer on a substrate has a structure wherein a molecule composing the thin film (adsorbate 

ZZ^SEt? 1 L SUbS !? te P ' ane ' Wfth a " 6nd the mo,ecu,e bondedioTe sUtrate 

fh>^^ a *9ned in a directive opposite to the substrate plane. Accordingly, each molecule conroostoo. 

the thin film has a certain gap therebetween, and a liquid crystal molecule can enter me gap. Thence SS 
tal molecule enters the gap with an alignment adapted to a shape of the above-merttoned^ao^hS fe sinclT* 

S « C ^ ta ir , ^ ,e r erS *" 9aP a " inCfinatfon and a dhSEEffi^ S 

wrttv a inclination ad a Section of an adsorbate molecule composing the thin film to the substratTan JSZZSt 
G*ebrt angle and pretilt direction) of the liquid crystal molecule can be controlled by oortM^^S^ 
directs of a major axis of the adsorbate molecule (the molecule composing the ihin film) ,namat,on and a 
However, an alignment state of the adsorbate molecule merely with its end fixed is unstable and varies easily 
Nir»f ( r te andthe ,ike " Consequentiy. an alignment control over the liquid c^5 mo^ecuEfe ££ 
S! oH^f IS 'Hf m ° n0layer mere,y "* an end * » e ^"ecule fixed. A liquW i^nmeZSo 
tr^ above-mentoned constitution has a structure wherein an end of a molecule coning the al^rSlayeTS 
f uced ona substrate, and the molecule is crosslinked to each other at a particular posZnof a maj^r axTJ h71 
7°Z r" ,i f m ! nt r 6 01 the motecute fe - terms oTSree^rSTsti^^n 

n^nX^men^ o^o 08 " * ^ M0M0 " r - alignment teyer 

naving the above-mentioned constitution comprises a thin film in a monolayer each molecule composina the altan- 

C onJ^n„ a S^* m 1? 0ned "T^ 0 "- 80 indination and/or « a'^ent direction of a major axis of a molecule 
composrng tte «i.n film are made different in each area of the thin film. Accordingly, a pretilt angle andTrxeBtt 
direction of the Oqud crystal molecule can be controlled in each area of the alignment layer a.* tiTeS* a fauki 
crystal alignment layer of a murtidomain alignment type is actualized V ™ 

In addition to the above, the liquid crystal alignment layer having the above-mentioned constitution is extremeiv 
S'^ZS^^n!! ofcomprising a thin fPm in a monolayer, and is low in hJ5^£lS5 
memiLrS^"^' 6 ^ 6 ' tne „ thickness °f cea fe "ever increased due to the formation of the 

ctXr^^^^ 

^J^ZZ^T 6UC H! ■^J** 8 *' alignment layer in the present invention, a conventional liquid crystal 
algnment layer (such as a polymer film made of the above-mentioned polyimide). which is composed ctoselvvtfh 
a long mam chajtangled up has difficulty in obtaining a sufficient alignmem control force JTo^fsu^ce C 
of the film can contribute to an alignment of a liquid crystal. Moreover, in a conventional aJo^ laSr^TwnSi 
? 1°^ * » e a,i 9™ ent - «*anoed or deteriorated by an exte^^us su^S 

and ribbing Furthermore, since such a polymer film as polyimide has a thick coating and a high electrical resfe? 
ance. the proWem is that it is a hindrance factor to a light transmission and a (SridSysS iwSg 

tal rno^lf c^bTS^f L*^*™ 'TS" *** ^ ^ 8 pfeti,t ^ and a pretilt direction of a liquid crys- 
SLTSfJ L^^^^ 0 ^'" 9 Sn indination and a direction of a major axfe of a molecule conposb»a 
thin film rt has not been clarified in detail (such as. whether the inclination and the direction agree with ^hepretiH 
angle andthajpret.lt direction) that how an inclination and a direction of a major axis of a molecule cinCs^g a ton 
Mm are related to a pretilt angle and a pretilt direction of a liquet crystal molecule ^composing a thin 

Al^ud crystal alignment layer described in the above-mentioned (1) can be constituted below 
srJStt ^^ZT^?^^ afea ^ made a Plurality of patterned areas into which a section corre- 
sponding to a pixel ts divided. According to this constitution. H is possible to provide a liquid crystal alianment faver 
for actualmng a murtidomain (including a dual domain, and so forth) ai.gnment layer 

The above-mentioned thin film can be formed by chemisorbing a chemical adsorbate corrprisino a Dhotosen- 
«tiva group, a silicon, and a linear carbon chain or a linear siloxane combined . mCTS a sS; 
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and crosslink! ng a chemical adsorbate molecule to each other at the photosensitive group part. A chemical adsorb- 
ate comprising a photosensitive group, a silicon, and a linear carbon chain or a linear siloxane combined chain can 
be bonded to a substrate plane through the silicon, and the chemisorbed molecule can be cross! inked to each other 
at the photosensitive group part and the finear carbon chain or the linear siloxane combined chain functions so as 

5 to determine a length of a major axis, thereby, which is convenient in terms of chemical adsorption on a substrate 

and the provision of alignment. 

The above-mentioned molecule composing a thin film can be made to have a silicon at its end. A thin film com- 
prising a group of molecules, which are bonded to a substrate plane through a silicon at its end, is detached with 
difficulty because of being bonded firmly to the substrate, and thereby is preferable in terms of an excellence in 

10 durability. 

The above-mentioned molecule composing a thin film can comprise a plurality of kinds of molecules with a dif- 
ferent length of a major axis of the molecule, and the thin film can be formed by bonding the plurality of kinds of 
molecules with a mixture of them to a surface of a substrate. In a thin film, which is formed by aligning a plurality of 
kinds of molecules with a different length of a major axis of the molecule with a mixture of them along a substrate 

15 plane, a molecule with a short major axis and a molecule with a long major axis are combined. Consequently, an 
alignment state of a molecule is stabilized in terms of three-dimensional structure. When a mixture ratio of a mole- 
cule with a short major axis to a molecule with a long major axis changes, an alignment state of a molecule 
changes. Therefore, an alignment layer having a desirable alignment characteristic can be formed. 

The above-mentioned plurality of kinds of molecules can be made different in a length of a linear carbon chain 

20 or a linear siloxane combined chain in a structure of the molecule. A molecule having a linear chain is convenient 
for a molecule for controlling an alignment of a liquid crystal molecule, and is preferable since an alignment control 
characteristic over a liquid crystal molecule can be changed by changing a length of a linear chain. 
(2) A liquid crystal alignment layer described in the above-mentioned (1) can be manufactured by a manufacturing 
method comprising the steps of forming a thin film in a monolayer by contacting a chemi sorption solution including 

25 a silane-based chemical adsorbate, comprising a photosensitive group and a linear carbon chain or a linear 
siloxane combined chain, and a nonaqueous organic solvent on a substrate plane with an electrode, and chemi - 
sorbing a chemical adsorbate molecule in the cherrisorption solution on the substrate plane; and providing an 
alignment comprising the steps of aligning a molecule composing the thin film in a certain direction provisionally by 
drain-drying the washing solution while setting up the substrate in a certain direction after washing the above-men- 

30 tioned thin film in a monolayer with a washing solution comprising a nonaqueous organic solvent, and crossfinking 
the molecule composing the thin film to each other in a particular direction by irracfiating a patterned polarized light 
having a cfifferent polarized direction on the provisionally aligned thin film plane. 

Each factor in the above-mentioned constitution functions as described below. When a chemisorption solution 
including a silane-based chemical adsorbate and a nonaqueous organic solvent is contacted on an electrode 

35 plane, a molecule of the silane-based chemical adsorbate (chemical adsorbate molecule) is chemisorbed to a 
hydrophilic group like a hydroxyl group on the electrode plane, and consequently a thin film in a monolayer, is 
formed. When this thin film is washed with a washing solution comprising a nonaqueous organic solvent, it is pos- 
sible to remove a molecule which does not react and to form a thin f ilm in a monolayer of good quality having many 
gaps which a liquid crystal molecule can enter. The washing functions as a previous treatment for the following pro- 

40 visional alignment 

Next in drain-drying while setting up a substrate with the thin film Including the washing solution in a certain 
direction, the drying goes on from the top of a wet surface of the thin film to the bottom (that is, in a direction of grav- 
itation), and then a molecule composing the thin film is afigned provisionally in a direction of drying. Subsequently, 
when a polarized light is irradiated in a state of the provisional alignment, the molecule composing the thin film is 

45 crosslinked easily to each other in a certain direction as compared with no alignment. Accordingly, a group of the 
molecules composing the thin film can be crossGnked efficiently by the following irradiation of a patterned polarized 
light, and thereby an alignment layer having a plurality of patterned areas for crossfinking can be manufactured with 
a high productivity. 

Through the above, according to a manufacturing method having the above-mentioned constitution, an align- 
so ment layer having a plurality of areas, in which an inclination and a direction of a molecule composing a thin film to 
a substrate are different is obtained, and this alignment layer has such a characteristic that a pretilt angle and a 
pretflt direction are different in each of the above-mentioned plurality of areas. 

In a manufacturing method of the above-mentioned (2), the above-mentioned step of crossfinking can be made 
the stop of changing an inclination and/or an alignment direction of a molecule composing a thai film to a substrate 
65 plane in each of a plurality of patterned cfivided areas, into which a section corresponding to a pixel is divided, by 
irradiating a polarized fight two or moire times, with a different polarized direction and a different irradiation area in 
each irradiation, on a provisionally aligned thin f am plane in the above-mentioned step of aligning provisionally. 
According to this 6tep. H is possUe to manufacture a liquid crystal alignment layer of a muttkfomain alignment 
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type even more certainly, wherein an inclination and/or an alignment direction of a molecule composing a thin film 
to a substrate plane are changed in each of a plurality of patterned divided areas into which a section correspond- 
ing to a pixel is divided. 

In a manufacturing method of the above-mentioned (2). the above-mentioned step of providing an alignment 
s can be made the step of repeating two or more times a series of steps comprising the first alignment step of align- 
ing a molecule composing the thin film in a certain direction provisionally by drain-drying the washing solution while 
setting up a substrate in a certain direction after washing a thin film in a monolayer with a washing solution com- 
prising a nonaqueous organic solvent and the second alignment step of irradiating a polarized light having a polar- 
ized direction approximately parallel with a provisional alignment direction in the above-mentioned first alignment 
w step; and the step of changing an inclination and/or an alignment direction of a major axis of the molecule compos- 
ing the thin film to the substrate plane in each of a plurality of patterned divided areas, into which a section corre- 
sponding to a pixel is divided, by making a drain-drying direction at the N th time (N is an integer of 2 or more) differ 
from a drain-drying direction at the first time through the [N - l]-th time as well as making an irradiation area on 
the substrate in an irradiation of a polarized light at the N-th time corresponding to the drain-drying differ from an 
is irradiation area at the first time through the [N — 1]-thtime. 

Although the first alignment step in this constitution is substantially the same as the step of aligning provision- 
a«y described in the above-mentioned (2), this constitution has a characteristic of repeating the first alignment step 
and the second alignment stop of irradiating a polarized tight having approximately the same polarized direction as 
a provisional alignment direction on a provisionally aligned thin f Hm in the first alignment step The technical sianrf- 
20 icance of this constitution is as follows. 

As described above, when a polarized Oght is irradiated after aligning provisionally, a molecule is crosslinked 
easily to each other in a particular direction. In the above-mentioned constitution, since a polarized light having a 
polarized direction approximately parallel with a provisional alignment direction is irradiated, the molecule can be 
crosslinked to each other along the polarized direction even more efficiently and certainly. When the molecule is 
crosslinked to each other, an alignment state is stabilized in terms of three-dimensional structure and subse- 
quently, even if a drain-drying is executed again, the alignment state does not change. A manufacturing method 
according to the above-mentioned constitution of repeating the first alignment step and the second alignment step 
utilizes such a property. That is. an area which is crosslinked by irradiating a polarized light is never aligned provi- 
sionally again by another drain-drying treatment, while an area except the area on a thin film is aligned provisionally 
in a direction of another drain-drying after a provisional alignment by the first drain-drying is dissolved by another 
drain-drying treatment Therefore, a liquid crystal alignment layer with an excellent murtidomain characteristic can 
Deformed by repeating the operation of fixing an alignment by a provisional alignment and an irradiation of a polar- 
eed bght-SpecrficaJly. rt is possible to obtain a liquid crystal alignment layer with an excellent muttidomain charac- 
tensbc. wherein different pretitt angle and/or pretilt direction can be provided in each divided pixel 

The value of N in the above-mentioned constitution is not limited particularly, and it is satisfactory to determine 
the value of N at 2 to 4 inclusive in terms of improving a viewing angle characteristic. To provide different pretilt 
angle and/or pretilt direction in each divided pixel means, in explaining the case of dividing a pixel into two parts as 
an example that a pretilt angle in one divided pixel is determined at 0.8° and a pretilt angle in the other divided pixel 
is determined at 4° . or a pretitt direction in each divided pixel is made reverse for the boundary plane between both 
<o divided pixels. 

A mixture of two or more kinds of silane-based compounds with a different length of a major axis of a molecule 
ca " 1 * 3 as above-mentioned two or more kinds of silane-based compounds. An inclination of a molecule 
with the longest major axis to a substrate is controlled by changing a mixture ratio of the above-mentioned two or 
more knds of silane-based compounds, and thereby desirable pretitt angle and/or pretilt direction can be provided 
for a liquid crystal alignment layer. An inclination of a molecule with the longest major axis to a substrate is control- 
led by changing a length of a molecule with a short major axis in comparison with each other without changing a 
mixture rabo of the above-mentioned two or more kinds of silane-based compounds, and thereby desirable pretilt 
angle and/or pretitt direction can be provided for a liquid crystal alignment layer. Furthermore a mixture of two or 
more kinds of the above-mentioned compounds, wherein a length of a molecule is made different by changing a 
length of one or more chain among a group consisting of a linear carbon chain and a linear siloxane combined 
cham. can be used as the above-mentioned silane-based chemical adsorbate. In addition, an inclination of a mol- 
ecule with the longest major axis to a substrate is controlled by changing a mixture ratio of two or more kinds of the 
above-mentioned compounds and/or controlling a length of a molecule of each compound, and thereby a desirable 
liquid crystal alignment characteristic can be provided for a liquid crystal alignment layer. 

In the above, since a molecule with a short major axis and a molecule wtth a long major axis in comparison 
wrth each other are a conception which is determined by a relative relation, the length is not limited particularly. 
Generally, a molecule wtth a carbon number of 1 to 1 8 inclusive is used as a molecule with a short major axis, while 
a molecule with a carbon number of 14 to 18 inclusive is used as a molecule wtth a long major axis. Since a pref- 
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eraWe mixture ratio of a molecule with a long major axis to a molecule with a short major axis should be determined 
by a relation to each other, a limitation can not be provided in advance. Generally, the suitable mixture ratio of both 
is as follows: the number of a molecule with a long major axis to the number of a molecule with a short major axis 
is a range from 10 to 1 to 1 to 10. The reason is that this range provides a sufficient effect of mixture. 

It is preferable to use a nonaqueous organic solvent including no water as the above-mentioned washing solu- 
tion. The reason is that if the washing solution is a solvent including water, water included in the solvent reacts with 
a chemical adsorbate, and an adsorbing power of the chemical adsorbate on a substrate declines, and a spot 
resulting from a product through the reaction occurs on an alignment layer. A solvent including at least one organic 
group among a group consisting of an alkyl group, a fluorocarbon group, a chlorocarbon group and a siloxane 
group can exemplify a preferable nonaqueous organic solvent because of an excellent dissolving power of a chem- 
ical adsorbate. 

It is preferable that a compound comprising a photosensitive group; one or more chain among a group consist- 
ing of a linear carbon chain and a linear siloxane combined chain; and one or more organic group among a group 
consisting of a chlorosilyl group, an alkoxysilyl group and an isocyanatosilyl group is used as the above-mentioned 
silane-based chemical adsorbate. The reason is that since this compound is excellent in reactivity with a substrate 
and a molecule can be crosslinked to each other by an irradiation of a polarized light, it is convenient for a chemical 
adsorbate composing a thin film. A cinnamoyl group, a chalcone group and a methacryl group can exemplify a pho- 
tosensitive group in this compound. 

A compound comprising, at an end or a part of the above-mentioned linear carbon chain or linear siloxane 
combined chain, at least one organic group among a grotp consisting of a carbon trifluoride group ( — CF 3 ), a 
methyl group (— CHJ, a vinyl group (-~CH=CH 2 ) < an ally! group (— CH=CH— ), an acetylene group (triple bond: 
-C-C— ), a phenyl group (— C 6 H 5 ), an aryf group (— C 6 H4— ). a halogen atom, a alkoxy group (—OR; R is an alkyl 
group), a cyano group (— CN), an amino group (— Nhy, a hydroxy! group ( — OH), a carbonyl group (=CO), an ester 
group (—COO—) and a carboxyt group (— COOH) is preferable as the above-mentioned corrpound. The reason is 
that a desirable prefift angle is obtained easily by using these corrpounds. 

In the above-mentioned manufacturing method, a step of forming a preparation layer comprising an SiOH 
group on a substrate plane can be added before the above-mentioned step of forming a thin film. Since an SiOH 
group functions as a hydrophilic group, a substrate with a preparation layer comprising an SiOH group is excellent 
in adsorbing a chemical adsorbate with a high density. 

(3) A liquid crystal display device using a liquid crystal alignment layer described above can be constituted below. 

A liquid crystal display device comprising at least a pair of opposite substrates, a liquid crystal alignment layer 
on a surface of at least a substrate with a display electrode of the above-mentioned pair of substrates, and a liquid 
crystal accommodated in a cell gap between the above-mentioned pair of opposite substrates; wherein the above- 
mentioned liquid crystal alignment layer is a thin f am in a monolayer which is formed by bonding a chemical adsorb- 
ate molecule to a surface of a substrate and crossGnWng the chemical adsorbate molecule to each other, an incli- 
nation anchor an alignment direction of a major axis of the adsorbate molecule to the substrate plane are different 
in each of patterned divided pixels into which a pixel is divided, and a pretilt angle and/br a pretift direction of a liquid 
crystal molecule accommodated in the above-mentioned cell gap are controlled by the above-mentioned inclination 
and/or alignment direction of a major axis of the adsorbate molecule to the substrate plane. 

In a liquid crystal display device having the above-mentioned constitution, the liquid crystal accommodated 
between the above-mentioned pair of apposite substrates can be a nematic liquid crystal, and the above-men- 
tioned cell gap can be determined so that the liquid crystal molecule is aligned twistedly at an angle of 90° or 180° 
through 270°. 

The above-mentioned liquid crystal display device can be an in-plane switching type liquid crystal display 
device wherein a pair of display electrodes is formed on a substrate plane. 

(4) A liquid crystal (fisplay device described in the above-mentioned (3) can be manufactured by a manufacturing 
method comprising at least the steps of forming a thin film in a monolayer by contacting a chemtsorption solution 
including a silane-based chemical adsorbate, comprising a photosensitive grotp and a linear carbon chain or a lin- 
ear siloxane combined chain, and a nonaqueous organic solvent on a substrate plane with a display electrode, and 
chemisorbing a chemical adsorbate molecule in the above-mentioned che mi sorption solution at an end in a direc- 
tion of a major axis of the molecule on the substrate plane; aligning a molecule composing the thin film in a certain 
cfirection provisionally by drain-drying Ihe washing solution while setting up the substrate in a certain direction after 
washing the above-mentioned thin film in a monolayer with a washing solution conprising a nonaqueous organic 
solvent; providing an alignment by inracfiating a patterned polarized light having a different polarized direction on the 
provisionally aligned thin film plane, ciosslinking the chemical adsorbate molecule to each other, and forming a 
substrate with a liquid crystal alignment layer, In which an inclination and/or an alignment direction of a m^jor axis 
of the molecule composing the thin film to the substrate plane are different; and forming a liquid crystal cell by dis- 
posing a liquid crystal between both substrates after opposing the above-mentioned substrate with a liquid crystal 
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alignment layer and an opposite substrate with at least an opposite electrode, through a surface with an electrode 
with a predetermined cell gap. 

In this manufacturing method, a nematic liquid crystal can be used as the above-mentioned liquid crystal dis- 
posed between both substrates, and the above-mentioned inclination and/or alignment direction of a major axis of 
the molecule composing the thin film to the substrate plane and the above-mentioned cell gap can be constructed 
so that a liquid crystal molecule is aligned twistedly at an angle of 90° or 1 80° through 270° . According to this man- 
ufacturing method, a multjdomain type liquid crystal display device with a wide viewing angle can be manufactured 
with a high productivity, and additionally since an alignment characteristic of a liquid crystal alignment layer is dete- 
norated with difficulty, a liquid crystal display device which exhibits an excellent display performance over a lona 
period can be manufactured. * 

Next a summary of the present invention is described further, taking a method of manufacturing a multidomain 
type liquid crystal display device for example. 

A device as a mode of the present Invention can be manufactured as described below. A chemisorption solu- 
tion, in which a silane-based chemical adsorbate comprising a photosensitive group and a linear carbon chain or a 
linear siloxane combined chain is dissolved in a nonaqueous organic solvent, is contacted directly or after forming 
alayer of &O z as a preparation layer on a first substrate with a group of first electrodes formed in a matrix and a 
TFT; and a chemical adsorbate molecule in the chemisorption solution is chemisorbed on a surface of the sub- 
strate. Thus, it is possible to form a thin film in a monolayer wherein an end of the chemical adsorbate molecule rs 
bonded to the surface of the substrate. Then, the contact of the chemisorption solution is executed, preferably, in 
an atmosphere of a low humidity (for instance, a relative humidity of 35% or less). 

Subsequently, a molecule which does not react is washed off by immersing the above-mentioned substrate 
with a thin film in a vessel filled with a nonaqueous organic solvent; and later, after pulling up the substrate out of 
the vessel, the substrate is drain-dried while setting up in a certain direction. Thus, it is possible to align a chemi- 
sorbed molecule composing the thin film provisionally in a drain-drying direction. 

Next, after putting a first patterned mask on a polarizer, a patterned polarized fight, wherein a polarized direc- 
tion is adjusted so as to be approximately parallel with a provisional alignment direction, is irradiated on the provi- 
sionally aligned thin fim plane. Thus, it is possible to photopolvmerize a photosensitive group of the molecule 
composing the thin film (chemisorbed molecule) selectively, and to form a patterned area in which the molecule 
composing the thin film (chemisorbed molecule) on the surface of tiie substrate is crosslinked to each other in a 
particular direction. An irradiation of the patterned polarized light is adjusted so that the patterned polarized fight is 
irradiated on each area constituting a pattern of different pixels. 

Later, the substrate with a thin film which is crosslinked in the above is immersed again in the vessel and at 
this time the substrate is pulled up out of the vessel in a different direction from the first time, and the substrate is 
drain-dried again while setting up in the direction, and the molecule composing the thin film is aligned provisionally 
again in the direction. A group of the molecules composing the thin film in a patterned area, which is crosslinked at 
the first time, are never aligned again since an alignment state is fixed by the crosslink) ng. 

Subsequently, after putting a second patterned mask different from the above-mentioned pattern on an area 
which is not irradiated yet at the first time, a patterned polarized light having a polarized direction parallel with the 
second provisional alignment direction is irradiated; and the molecule composing the thin film is crosslinked by pho- 
topolymenang selectively like the first time. A plurality of patterned areas having a different alignment direction (an 
inclination and/or a direction of the molecule composing the thin fflm to the substrate) are formed on the thin fim 
plane by repeating a similar operation as the need arises hereafter. Thus, the first substrate with a liquid crystal 
alignment layer according to the present invention is completed. 

Next after opposing and adjusting the above-mentioned first substrate with a group of first electrodes and a 
second substrate with a group of second electrodes (with an alignment layer or without an alignment layer), which 
is prepared specially, through the electrode planes with a predetermined gap, a periphery of the substrates is stuck 
and fixed; and later, a iquid crystal ceB is formed by injecting, for instance, a nematic liquid crystal between the first 
substrate and the second substrata A multidomain type liquid crystal display device according to the present inven- 
tion is manufactured by disposing a polarizer and a backlight to this liquid crystal cell under an ordinary means. 

A liquid crystal display device manufactured according to the above-mentioned manufacturing method has dif- 
ferent pretilt angle andfor pretift direction in each divided pixel, and such a characteristic is actualized by a means 
of changing an inclination and/or a direction of an adsorbate molecule composing a liquid crystal alignment layer 
(a molecule composing a thin film) to a substrate in each area. The means and mode of changing an inclination 
and/or a direction of a molecule composing a thin film to a substrate in each area is detailed in the above There- 
fore, a description is omitted here. A direction of a molecule composing a thin film can be controlled by a drain-dry- 
ing direction and a polarized direction, while an inclination of a molecule composing a thin film to a substrate can 
be controlled by using a mixture of a plurality of kinds of an adsorbate molecules with a different length of the mol- 
ecule. Moreover, an inclination of a molecule composing a thin fim to a substrate can be controlled to some extent 
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by changing an angle of leaning in drain-drying. 

[BRIEF DESCRIPTION OF THE DRAWINGS OF THE FIRST INVENTION GROUP] 
[0011] 

Fig. 1 is a view for describing the step of chemisorbing for manufacturing a thin film in a monolayer in Embodiment 
1-1 of the present invention. 

Fig. 2 is a view for describing the step of washing a thin film in Embodiment 1 -1 of the present invention 
Fig. 3 is a conceptional view showing a provisional alignment state (after the first drain-diving) of a molecule com- 
posing a thin film in Embodiment 1-1 of the present invention. 

Fig. 4 is a view for describing the step of irradiating a polarized light in Embodiment 1 -1 of the present invention 
L^>' s an ****** conceptional view for describing the first irradiation of a polarized light on a molecular level'in 
tmbodiment 1 -1 of the present invention. 

Rfl-Saa^nceplional view for describing a slate of a thin film after the second drain-drying on a molecular level 
in Embodiment 1-1 of the present invention. 

Fig 7 is a conceptional view for describing an alignment state of a thin film after the second irradiation of a polar- 
ized light on a molecular level in Embodiment 1 -1 of the present invention. 

Fig. 8 is a view for describing an alignment direction of a molecule composing a thin film after the second irradiation 
of a polarized light m Embodiment 1-1 of the present invention. 

Fig. 9 is a view showing a state (before a reaction with humidity in an atmosphere) in which an inorganic silane- 
based chemical adsorbate molecule is chemisorbed on a substrate plane. 

Fig. 10 is a view showing that the inorganic silane-based chemical adsorbate molecule shown in Fig 9 chanqes 
into a compound rich in an OH group through a reaction with humidity. 

Fig. 1 1 is a cross sectional model view for describing a manufacture of a liquid crystal display device accordina to 
the present invention. 

Fig. 1 2 is a view showing a liquid crystal alignment direction of a multidomain pixel which is divided into four Darts 
in Embodiment 1-6 of the present invention. 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE FIRST INVENTION GROUP] 
[001 2] The contents of the first invention group are described concretely, based on embodiments below. 
(Embodiment 1-1) 

ESfli nr^S Pref ^L a , 9 ' aSS Sub f ate f indudin fl a ******** of hydroxy! groups) with a transparent electrode 
0 T<£ } 00 118 Washi " 9 de 9 reasin 9 the substrate plane sufficiently, a film of SK), 

wrth a thickness of 100 nm was formed by a method of sputtering so as to cover the electrode plane 
[0014] On the other hand, a compound represented by a chemical formula C s H 5 CH=CHCOC 6 H 4 0(CHo) fi OSiCI, 

^nZ^^rLt^^^T^^ 50 ^ ( ° r ^ SUrtaCe aCtive agent > °°"W9 a pr^^Se group 
a linear carbon chain (such as hydrocarbon group) and a silicon, and a cherrfsorption solution was obtained by dissolv- 

™L « rom P° und in dehydrated hexadecane (nonaqueous organic sotvent) at a density of approximately 1 wt% 
"r* 51 N«t. as shown in Fig. 1, a vessel was filled with the above-mentioned chemisoiption solution 1 002, and the 
^r^T? 9 ^ SS ^ tratS 1001 W8S immereed in above-mentioned vessel in a dry atmosphere (a relative 
humdrty of 30 % orless) for approximately an hour. A method of applying may be used instead of immersing. Later, 
after taking the substrate 1001 out of the vessel and repeating a ten-minute wash by immersing with dehydrated n-hex- 
ane 3(nonaqueous organic solvent) three times, the substrate was pulled up in a direction (1005) approximately paral- 
UJwrth g-avrtat on while setting up and was drain-dried (Fig. 2). and additionally the substrate was left motionless in an 
atmosphere .including humidity for a moment while keeping the substrate plane approximately parallel with gravitation. 
£rfnce an OH group was substituted for an unreacted CI group of an adsorbed molecule through this state, the chemi- 
sorption of the adsorbate molecule was deactivated. Thus, a thin film (a thickness of approximately 1 8 nm) in a mon- 

SL'^lf^ t Ch , e "Sl a 2^ rbate !H 0teCU,e> W3S aB9ned P«»**>na«y in a drain-drying direction, was 
formed (Fig. 3). In Fig. 3, 1004a indicates the photosensitive group part. 

i^J? ~* *£*2^ film (^ emisof P tion nx>nomolecular film 1004) in a monolayer manufactured in the above was 
SI? tra ? Sform in * ared e P ectrosc °Py) and a liquid crystal test cell aBgnment method. H was 

confirmed that the adsorbate molecule composing the thin film was aligned in a drain-drying direction. 

^ ™ t !r fim (chemisorpfon moncmotecular film 1004) in a monolayer manufactured in the above was ana- 
lyzed with FTIR (Founer transform infrared spectroscopy), and consequently it was confirmed that a bond represented 
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10 



by the following Chemical Formula 1 was produced through a reaction of eliminating hydrochloric acid which was 
caused between an SiCI group in a chlorosilane-based chemical adsorbate and a hydroxy! group on a surface of the 
substrate, and that a bond represented by the following Chemical Formula 2 was produced by reacting with humidity in 
an atmosphere. 

{Chemical Formula 1] 

CI 

CsH$CH«CHC0C«H40(CH2)60Si-0- |aubstrate 

CI 



20 

[Chemical Formula 2] 

I 

C6H5CH«CHC0CcH*0(CHz)t0St--0- jsubstrate 

0- 

30 

[0018] Next, after a photomask 1007, in which a mask 1007a for cutting off fight partly is put on a polarizer (HNP B 
made by POLAROID Corp.). was put so that a polarized direction 1 006 was approximately parallel (such as at an angle 
of 3° , or completely parallel) with a pulling-up direction 1005. an ultraviolet ray 8 (UV fight) with a wavelength of 365 nm 
was "radiated with lOOmJ/cm 2 by using an extra-high-pressure mercury-vapor lamp (Fig. 4). In Fig. 4. 1010 indicates 
a transparent electrode. 

[0019] When the thin film after irradiating the UV light was analyzed with FTIR, it was confirmed that the chemical 
adsotbate molecule was aligned in the polarized direction in an area on which the polarized UV fight was irradiated and 
that the adsorbate molecule was crosslinked to each other through a bond of carbon (refer to the following Chemical 
40 Formula 3) in a vinyl group of the chemical adsorbate molecule (refer to Fig. 5). 



35 



45 



BO 



[Chemical Formula 3) 

o— 

I I 
CfHiCH- CHCOCeH40(CHa)eOSI — O — I substrate 
I I 



[0020] Later, after immersing the substrate again in a vessel (for approximately five minutes), the substrate was 
pulled up in a direction 1005 totally reverse to the above-mentioned pulling-up direction 1005 and was drain-dried 
When the thin film on a surface of the substrate was analyzed with FTIR, it was confirmed that no change occurred in 
a crosslink area 1004' on which the UV light was irradiated already; however, the chemical adsorbate molecule 1004" 
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in an area which is not irradiated yet was aligned provisionally again in a direction reverse to the pulling-up direction 
1 005' out of a washing solution at the second time, namely, a drain-drying direction (Fig. 6). 

[0021] Next, after a photomask 1007\ in which a mask 1007 a for cutting off light on an area which was irradiated 
already is put on a polarizer (HNP'B made by POLAROID Corp.). was put so that a polarized direction was approxi- 

5 mately parallel (such as at an angle of 3° ) with the pulling-up direction 1005*. an ultraviolet ray 8 (UV light) with a wave- 
length of 365nm was irradiated with 100 mJ/cm 2 by using an extra-high-pressure mercury-vapor lamp (Fig. 7). 
[0022] Later, as a result of an analysis by FTIR, it was confirmed that the chemisorbed molecule was aligned again 
in the second polarized direction 1009' in the chemisorption film 1004" of an area on which the polarized UV light was 
irradiated, and that the adsorbate molecule was crosslinked 1004"' to each other by the progress of photopolymeriza- 

10 tion through a bond of carbon (Chemical Formula 3) in a vinyt group of the chemical adsorbate molecule (Fig. 8). 

[0023] Next, a liquid crystal cell with a cell gap of 20 *im was constructed by using two substrates with the chemi- 
sorption film (liquid crystal alignment layer) manufactured in the above so that the chemisorption films are opposed and 
each exposed area is aligned in antiparallel, and a nematic liquid crystal (ZU4792; made by MELC Corp.) was injected, 
and later an alignment state of the liquid crystal was examined. Consequently, it was confirmed that the injected liquid 

is crystal molecule was aligned at a pretilt angle of approximately 1 0 with each substrate along the chemisorbed molecule 
as well as in pretilt directions 1009 and 1009' which are reverse to the pulling-up directions 1005 and 1005* out of a 
washing solution and are parallel with the polarized direction 1006. This result agreed with the analysis by FTIR. 
[0024] Through the above, it was possible to prove that an alignment control direction over a liquid crystal molecule 
could be changed by changing a drain-drying direction of a washing solution and a polarized direction in irradiating a 

20 polarized light without changing a composition of a substance composing a chemisorption film. 

[0025] Then, it was convenient for manufacturing a liquid crystal alignment layer with a high resistance to detach- 
ment that the molecule composing the film had a silicon at its end. 

[0026] It was possfole to manufacture a simflar alignment layer also in the case of substituting a substance com- 
prising at least one organic group among an alkoxysilyl group and an isocyanatosilyl group for a chlorosilyl group. 

25 [0027] In addition, when a substance comprising, at an end or a part of a linear carbon chain (or a linear siloxane 
combined chain (— SiO— )). at least one organic group among a carbon trifluoride group (— CF 3 ). a methyl group 
(— CH 3 ). a vinyl group (— CHsChy. an allyl group (— CH=CH— ), an acetylene group (triple bond: — C«C— ). a phenyl 
group ( — CgHs), an aryl group (— CeHi— ),a halogen atom, an alkoxy group (—OR; R is an alkyl group), a cyano group 
(— CN). an amino group (— Nhy, a hydroxy! group ( — OH), a carbonyi group (=CO), an ester group (—COO — ) and a 

30 carboxyi group (— COOH) was used as a silane-based chemical adsorbate, it was confirmed that a pretilt angle could 
be changed according to a kind of the introduced organic group, and that the pretilt angle could be controlled in a wide 
range. 

[0028] When a solvent including at least one organic groip among an alkyl group, a f luorocarbon group, a chloro- 
carbon groip and a siloxane group was used as a nonaqueous organic solvent, it was possible to manufacture a liquid 
35 crystal alignment layer with an excellent alignment control. 

(Embodiment 1-2) 

[0029] A liquid crystal alignment layer was manufactured similarly to the above-mentioned Embodiment 1 -1 except 
40 for using a mixture of compounds represented by chemical formulae Ce^C^CHCOCefyOCCHateOSiCIs and 
CH 3 (CH2)i 8 SiCl3 at each of weight ratios of 1 :0.1 and 1 a.2 as a chemical adsorbate, and a similar analysis to the 
Embodiment 1-1 was executed. 

[0030] As a result, in the mixture at a weight ratio of 1 :0. 1 . an alignment direction (pretilt direction) was reverse in 
each area like the Embodiment 1-1 and a pretilt angle in each area was 1.5° and 1.4°. Meanwhile, in the mixture at a 

45 weight ratio of 1 :0.2, an alignment direction was reverse in each area and each pretilt angle was 2.1 ° and 2.3°. 

[0031 ] Through the above, in the case of using a chemical adsorbate comprising a mixture of two kinds of chemical 
adsorbate molecules with a different length of the molecule, it was confirmed that if at least one of the chemical adsorb- 
ate molecules had a photosensitive group, the adsorbate molecule could be polymerized to each other ins desirable 
direction through the photosensitive group by an irradiation of a polarized light and thereby a iqcrid crystal alignment 

so could be provided for a chemisorption film. Moreover, it was confirmed that a pretilt angle of a liquid crystal could be 
changed by changing a weight ratio of a mixture. 

[0032] Also in the case of using a chemical adsorbate wherein a linear siloxane combined chain is inserted instead 
of a linear carbon chain, it was possible to change a pretilt angle of a liquid crystal by changing a weight ration of a mix- 
ture, although the pretilt angle is different from the case of a linear carbon chain, 
ss [0033] Furthermore, an approximately similar alignment layer was obtained also in the case of substituting a sub- 
stance comprising at least one organic group among an alkoxysilyl group and an isocyanatosilyl group for a chlorosilyl 
group in a chlorosilane-based chemical adsorbate. 
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(Embodiment 1-3) 

[0034] A liquid crystal alignment layer was manufactured similarly to the above-mentioned Embodiment 1 -2 except 
for using each of mixture of compounds represented by chemical formulae C 6 H 5 CH=CHCOCeH 4 0(CH 2 ) 6 0 SiCI 3 and 
5 CH 3 (CH2) 2 2SiCl3 as well as compounds represented by chemical formulae C 6 H 5 CH=CHCOC 6 H 4 0(CH2) 6 OSiCl3 and 
CH 3 (CH2) 14 SiCl3 at a weight ratio of 1:0.1 as a chemical adsorbate, and a similar analysis to the Embodiment 1-2 was 
executed. 

[0035] As a result, in the mixture of C 6 H 5 CH=CHCOC 6 H 4 0(CH 2 ) 6 OSiCI 3 and CH^Chfe^SiCla. an alignment 
direction was reverse in each area like the above-mentioned Embodiment 1-2 and each pretilt angle was 1.1°. Mean- 
10 while, in the mixture of C 6 H 5 CH=CHCOC 6 H 4 0(CH2) 6 OSiCI 3 and CH 3 (CH 2 ) 14 SiCI 3 , an alignment direction was reverse 
in each area and each pretilt angle was 0.6°. 

[0036] Through the above, it was confirmed that a pretilt angle of a liquid crystal could be changed by changing a 
length of a molecule composing a thin film without changing a weight ratio of a mixture. 

15 (Embodiment 1-4) 

[0037] A liquid crystal alignment layer was manufactured similarly to the above-mentioned Erribodiment 1 -2 except 
for using a mixture of compounds represented by chemical formulae CeHsCH^HCOCeHjOtCH^eOSiCIs and 
CF 3 (CF 2 ) 7 (CH2) 2 SiCl3 at a weight ratio of 1 :0.1 as a chemical adsorbate. and a similar analysis to the Embodiment 1- 
20 2 was executed. 

[0038] As a result, an alignment direction was reverse in each area like the Embodiment 1 -2 and each pretilt angle 
was 89°. According to this, it was confirmed that a liquid crystal alignment layer having a vertical (homeotropic) align- 
ment characteristic could be formed by using a mixture of a compound wherein a fluorine atom is inserted and another 
chemical adsorbate. 

25 

(Embodiment 1-5) 

[0039] in Embodiment 1 - 1 , an adsorbate was adsorbed to a substrate on a surface of which a film of Si0 2 was 
formed as a preparation layer in advance, while a substrate, on a surface of which an inorganic silane-based chemical 

30 adsorbent comprising an SiCI group instead of the fflm of SiCfe was contacted, was used in Embodiment 1 -5. 

[0040] Specifically, a compound SiCI 4 was used as the inorganic silane-based chemical adsorbent comprising an 
SiCI group, and a substrate 1 with an electrode described in Embodiment 1-1 was immersed in a solution, wherein the 
compound was dissolved in dehydrated hexadecane at a density of approximately 3 wt%, in a dry atmosphere (a 
humidity of 5 %) for ten minutes. Thus, a film 101 1 in a monolayer comprising such groups of ^'Cfe and -Sia 3 - shown 

35 in Fig. 9 was formed. Later, after washing with weO-dehydrated cydohexane and removing the excessive compound 
SiCI* a si loxane monomolecular film 1012 (preparation layer) comprising a multitude of hydroxyl groups was formed on 
both glass surface and ITO electrode surface by reacting with water, as shown in Fig. 10. 

[0041] Later, a substrate with a liquid crystal alignment layer was manufactured by executing a similar step to 
Embodiment 1-1 on the substrate with the preparation layer formed by the above-mentioned method. As a result of ana- 
40 ; : . lyzing the liquid crystal alignment layer with FTIR. it was confirmed that the alignment layer could be formed uniformly 
on the whole surface of the substrate like Embodiment 1 -1 . 

[0042] The reason why the fflm 1 0 1 1 can be formed on the substrate by the above-mentioned method is that a cer- 
tain number of hydroxy! groups (—OH) exist on the glass surface and the ITO electrode surface 
[0043] A substrate with an alignment layer was manufactured similarly to Embodiment 1 -1 except for using a sub- 

45 strata with no preparation layer, and an alignment was examined by a liquid crystal. Consequently, although the iqukJ 
crystal molecule was aligned satisfactorily on a glass substrate, a disarray of the alignment occurred on an ITO elec- 
trode and the disarray was beyond practical use. The cause is considered to be as follows: comparatively a multitude 
of OH groups exist on the glass surface, while a density of an OH group is low on the electrode surface; therefore, an 
adsorbate molecule can not be adsorbed sufficiently. 

so [0044] When a substance represented by a chemical formula CI(Sia 2 0) n SiCI 3 (n is an integer of 1 to 3 inclusive) 
was substituted for a compound SiC^ in another experiment it was confirmed that an effect of increasing a hydroxyl 
group on an ITO surface became greater. This substance has an advantage of being easy to hancBe because of a high 
boiling point as compared with the compound SiCI 4 . 

55 (Embodiment 1-6) 

[0045] Next, a process for manufacturing a liquid crystal display device actually by using the above-mentioned liq- 
uid crystal alignment layer is descrfoed below referring to Fig. 1 1 . 
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[0046] First, as shown in Fig. 1 1 , after forming a film of Si0 2 on a first substrate 23 with a group of first electrodes 
21 arrayed in a matrix and a group of transistors 22 for driving the electrodes, a thin film (chemisorption monomolecular 
film) was formed on a surface of the substrate by applying a chemisorption solution according to a similar step to 
Embodiment 1-1. 

5 [0047] Secondly, after washing the thin film with nonaqueous organic solvent, chloroform, the substrate was pulled 
up out of a washing solution while setting up in a direction of a gate base line, and a molecule composing the thin film 
was aligned in a draining direction at the first time by drain-drying. Later, a mask with a cutoff pattern for exposing only 
particular one (a group of first divided pixels) of four divided pixels, into which each electrode in the above-mentioned 
group of electrodes was divided in a check, was put on a polarizer HNPB (made by POLAROID Corp.). and a mask for 

io exposing thus prepared was put and adjusted on the group of first divided pixels so that a polarized direction was par- 
allel with the drain-drying direction, and a ray with a wavelength of 365nm (Mine) was irradiated (S.emJ/cm 2 . after trans- 
mitting through the polarizer) from a vertical direction for 45 seconds by using an extra-high-pressure mercury-vapor 
lamp with an output of 500W (the first time). 

[0048] A divided pixel means four areas into which an electrode is divided. A group of divided pixels is a conception 
is corresponding to 'a group of electrodes* comprising a multitude of electrodes arrayed in a matrix, and is used with the 
meaning of the inclusion of a particular divided pixel of each electrode in the group of electrodes. An irradiation of a ray 
is executed simultaneously to the group of divided pixels for the purpose of raising productivity. 
[0049] Subsequently to a treatment at the first time, after immersing the substrate through the treatment at the first 
time again in the above-mentioned washing solution for five minutes, the substrate was pulled up at this time in a direc- 
20 Won reverse to the first time, and a molecule composing the thin fflm in an area which is not exposed yet was aligned in 
a drain-drying direction at the second time by drain-drying again. Next, like the first time, the mask for exposing was put 
and adjusted on a group of second divided pixels so that a polarized direction was parallel with the drain-drying direc- 
tion at the second time, and a polarized light was irradiated (the second time). 

[0050] In addition, after immersing the substrate once again in the above-mentioned washing solution for five min- 
25 utes, the substrate was pulled up in a direction vertical to the first time and the second time, and a molecule corrposing 
the thin film in an area which is not exposed yet at the first lime and the second time was aligned in a drain-drying direc- 
tion at the third time by drain-drying again. Next like the first time, the mask for exposing was put and adjusted on a 
group of third divided pixels so that a polarized direction was parallel with the drain-d'rving direction at the third time, and 
a polarized light was irradiated (the third time). 
30 [0051 ] Lastly, after immersing the substrate once again in the above-mentioned washing solution for five minutes, 
the substrate was pulled up in a direction reverse to the third time, and a molecule composing the thin film in an area 
which is not exposed yet at the first time through the third time was aligned in a drain-drying direction at the fourth time 
by drain-drying again. Next, like the first time, the mask for exposing was put and adjusted on a group of fourth divided 
pixels so that a polarized direction was parallel with the drain-drying direction at the fourth time, and a polarized light 
35 was irradiated (the fourth time). 

[0052] Through the above treatment it was possible to manufacture a liquid cry^ 

formed by aligning a molecule composing the thin fflm in each direction as shown In Fig. 12. In the Fig., 1040 indicates 
a direction of a gate base line, 1041 indicates an alignment direction of a liquid crystal and 1042 indicates a pixel. 
[0053] On the other hand, a liquid crystal alignment layer 1027* was manufactured by a similar method to the above 
40 on a surface of a second substrate 1026 with a group of color filters 1024 and a second electrode 1025 so that an align- 
ment direction of a pixel corresponding to each pixel in the liquid crystal alignment layer 1027 was anti parallel with Its 
counterpart 

[0054] Next, the first substrate 1023 and the second substrate 1026 were opposed through the electrode planes 
with a spacer 1028 interposed, and an empty cefl with a cell gap of 5 urn was manufactured by sealing and fixing a 
45 periphery of the substrates with an adhesive 1029. Later, a liquid crystal cell was made by injecting a nematic liquid 
crystal 1030 into the cell, and additionally a murtidomain type liquid crystal display device was completed by disposing 
polarizers 1031, 1032 (Fig. 11). 

[0055] A pretirt angle of the liquid crystal injected into the above-mentioned liquid crystal cell was approximately 1 ° 
and approximately uniform in the whole area. An alignment direction (pretit direction) was different by 90° in each 
so divided pixel as shown in Fig. 12. 

[0056] When a viewing angle of the above-mentioned liquid crystal display device was examined by irradiating a 
backlight 1033, driving each transistor with a video signal, and displaying a picture in a direction of an arrow A, it was 
possible to obtain a viewing angle of approximately 140° right and left as weD as up and down. 

55 (Other matters) 

[0057] An alignment of each liquid crystal alignment layer and a cell gap of a first substrate and a second substrate 
were determined by a similar method to a method described in Embodiment 1 -5 so as to be a twisted alignment at an 
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angle of 90° with a liquid crystal molecule injected into a cell, and consequently it was possible to manufacture a TN 
type and muitidomain type liquid crystal display device having a wide viewing angle. 

[0058] An IPS (inplane switching) type TFT array wherein a pair of electrodes is formed on a surface of a substrate 
was used as a first substrate, and the first substrate was made a two-divided -pixel type substrate with a muitidomain 
5 type alignment layer, and a display characteristic of a liquid crystal display device manufactured with this substrate was 
examined. As a result, it was confirmed that an IPS type and muitidomain type liquid crystal display device having an 
excellent viewing angle characteristic could be actualized. 

[0059] A ray with a wavelength of 365 nm, Mine of an extra-high-pressure mercury-vapor larrp, was used as a ray 
for exposing in the above-mentioned Embodiments, and additionally it is possible to use a ray with a wavelength of 436 
10 nm, 405 nm and 254 nm as well as a ray with a wavelength of 248 nm by KrF excimer laser according to an absorption 
of ray in a molecule composing the thin film: Among them, the ray with a wavelength of 248 nm and 254 nm has a high 
efficiency in providing alignment because of being absorbed in most substances. 

[0060] A photosensitive group, a linear carbon chain or a linear siloxane combined chain, and a silicon are inserted 
into a chemical structure of a chemical adsorbate molecule, and besides them, a nematic liquid crystal structure having 
is a particular surface energy and a ferroelectric liquid crystal structure may be inserted. Thus, it is possfcrfe to raise an 
alignment control force further. 

[0061] As described above, according to the first invention group, it is possible to provide an extremely thin align- 
ment layer which is excellent in an alignment control characteristic over a liquid crystal molecule and durability, and 
does not hinder light transmission and electric field. Moreover, according to the f irst invention group, since the operation 

20 of rubbing is not necessary for providing an alignment, such problems due to rubbing as an alignment defect resulting 
from irregularities on a substrate plane and a display defect resulting from dust in rubbing can be solved at a time. Fur- 
thermore, according to a manufacturing method in the first invention group, a liquid crystal alignment layer having an 
excellent alignment control force, wherein a pretilt angle and a pretilt direction can be controlled in each area of the 
alignment layer, can be manufactured with a high yield. Therefore, it was possible to prove that a muitidomain type liquid 

25 crystal display device having an excellent viewing angle characteristic could be provided by using such a liquid crystal 
alignment layer. 

[DISCLOSURE OF THE SECOND INVENTION GROUP] 

30 [0062] The second invention group is intended for providing a muitidomain type liquid crystal display device of a 
homeotropic alignment mode having a wide viewing angle and a high-speed response; wherein a display defect result- 
ing from an alignment defect of a liquid crystal molecule does not occur, and the following problems are solved in view 
of the problems in a muitidomain type liquid crystal display device of a conventional homeotropic alignment mode, such 
as the occurence of a ribbing stripe in a muitidomain type liquid crystal display device using a rubbing method, the 

35 deterioration of an alignment layer due to the development and detachment of photoresist, the unevenness of a pretilt 
angle and a pretilt direction of a liquid crystal molecule, or the image persistence, the dependence of a display charac- 
teristic on temperature and the inferiority in shock resistance in a liquid crystal display device of a ferroelectric BqukJ 
crystal (FLC) mode and an antiferroelectric liquid crystal (AFLC) mode. 

[0063] The second invention group is constituted as described below in order to solve the above-mentioned prob- 
40 I ems. 

(1) A liquid crystal cfsplay device comprising a pair of substrates with a display electrode inside each of them, a 
liquid crystal alignment layer on an inside of at least one of the above-mentioned pair of substrates, a liquid crystal 
layer including a liquid crystal with a negative dielectric anisotropy disposed in a gap between the above-mentioned 

45 pair of substrates, and a polarizer disposed outside the above-mentioned pair of substrates; wherein a liquid crystal 
molecule of the above-mentioned liquid crystal layer is aligned approximately vertically to the substrate under no 
application of voltage, the above-mentioned liquid crystal alignment layer is a thin f 8m in a monolayer in which a 
chemical adsorbate including a compound having a photosensitive grotp is bonded directly or through a prepara- 
tion layer to the substrate plane at an end of a major axis of a molecule and a molecule having at least the photo- 

so sensitive group is crosslinked to each other in a particular direction at the photosensitive group part, and an 
inclination and/or an alignment direction of a molecule composing the above-mentioned thin fflm to the substrate 
are different in each of divided sections of the alignment layer into which a pixel is divided with a predetermined 
pattern. 

A liquid crystal display device having the above-mentioned constitution is characterized by using a liquid crys- 
55 tal alignment layer comprising a thin fflm in a monolayer which is composed so that an incfination and/a an align- 
ment direction of a molecule composing the thin film to the substrate are different in each of divided sections of the 
alignment layer into which a pixel is divided with a predetermined pattern. The following function and effect are 
obtained by this characteristic. 
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First, the liquid crystal alignment layer is extremely thin (in nanometer order) because of comprising a thin film 
in a monolayer. Accord ngly, the thickness of cell is never increased due to the formation of the alignment layer. In 
addition, the alignment layer scarcely hinders a light transmission, and an electric field for driving a liquid crystal 
because of having no or little electrical insulation. Secondly, since the liquid crystal alignment layer is a thin film in 
a monolayer, each molecule composing the thin film contributes to an alignment control of a liquid crystal molecule. 
Therefore, an alignment of the liquid crystal molecule can be controlled with an extremely high efficiency and the 
liquid crystal molecule is aligned and rearranged smoothly by an application of voltage. Lastly, since a liquid crystal 
alignment layer constituted as described above having such a function has a structure wherein a molecule com- 
posing the thin film is bonded chemically on a substrate at an end of the molecule and the molecule is crosslinked 
to each other, the alignment layer is excellent in dose adhesion and fixation to the substrate and an alignment state 
is stabilized by crosslinking in terms of three-dimensional structure. Accordingly, the alignment layer is excellent in 
durability. Through the above, according to the above-mentioned constitution, it is possible to actualize a liquid 
crystal display device having a characteristic of little display unevenness, excellent luminance and high-speed 
response, and no deterioration of display performance over a long period. 

As described in 'DISCLOSURE OF THE FIRST INVENTION GROUP*, a conventional liquid crystal alignment 
layer (such as a polymer film made of the above-mentioned polyimide), which is composed closely with a long main 
chain tangled up, has difficulty in obtaining a sufficient alignment control force since only a surface layer of the film 
can contribute to an alignment of a liquid crystal. Moreover, in a conventional liquid crystal alignment layer for which 
an alignment is provided by rubbing a polymer film, there is a posstoBity that the alignment is changed or deterio- 
rated by an external stimulus such as heat and rubbing. Furthermore, since an alignment layer in a conventional 
device is bonded on a substrate by the anchor effect it is low in a bonding power to the substrate. In addition, since 
such a polymer f flm as polyimide has a thick coating and a high electrical resistance, it hinders a light transmission 
and causes an increase in a driving voltage. Accordingly, in a device using such a liquid crystal alignment layer, it 
is difficult to obtain such a performance as a liquid crystal display device according to the present invention. 

A pretilt angle and/or a pretilt direction of a liquid crystal molecule of the above-mentioned liquid crystal layer 
in a liquid crystal display device having the above-mentioned constitution are controlled by an inclination and/or an 
alignment direction of a molecule composing the above-mentioned thin fflm to a substrate. The meaning of a pretilt 
angle and a pretilt direction is the same as the case of the above-mentioned first invention group. The pretilt angle 
means an angle of a major axis of a liquid crystal molecule with a substrate plane, and the pretilt direction means 
a direction of a major axis of a liquid crystal molecule on a substrate plane. 

A liquid crystal display device having the above-mentioned constitution can be constituted as described below. 

An inclination and/or an alignment direction of a molecule composing a thin film in adjacent divided sections of 
an alignment layer can be made symmetrical to their respective counterparts with respect to the boundary plane 
between the above-mentioned adjacent divided sections of an alignment layer. According to this constitution, it is 
possible to provide a display device with a wide viewing angle in which an image quality never varies with an angle 
of an observer. 

The above-mentioned compound having a photosensitive group can be a compound having a photosensitive 
group, a linear carbon chain and/or a linear stloxane combined chain, and a functional group inducting a silicon 
atom. 

The above-mentioned thin fflm can comprise a molecule with repellency, or two or more kinds of molecules 
induding a molecule with repellency. 

The above-mentioned molecule with repellency can be a molecule having a f luorocarbon group as an end 
group. 

The above-mentioned molecule having a f luorocarbon group as an end group can be made further to have a 
linear carbon chain and/or a linear siloxane combined chain, and a functional group induding a silicon atom. 

A switching element for controlling a voltage applied to a display electrode can be provided for one of the 
above-mentioned pair of substrates. According to this constitution, it is possible to provide an active matrix type liq- 
uid crystal display device of a homeotropic alignment mode, which has a wide viewing angle, a high image quality, 
a high contrast and an excellent high-speed response. 

A flattening film for flattening the display electrode can be provided between the above-mentioned substrate 
and display electrode. 

At least one of a pair of display electrodes can be structured so that a pixel unit is composed of a plurality of 
divided electrodes corresponding to the above-mentioned divided section of an alignment layer, and a predeter- 
mined gap is provided between each of the above-mentioned divided electrodes. According to this constitution, an 
electrode fringe electric field in which an electric flux line is indined in a reverse direction to each other is formed 
near the above-mentioned gap, and a force of inclining a liquid crystal molecule in a different direction from each 
other acts with the boundary of the above-mentioned gap. Therefore, an alignment of the liquid crystal molecule 
can be corrtrdled certainly and promptly by a combination of this alignment control force and an alignment control 
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force of the alignment layer, and consequently the driving can be controlled smoothly and promptly without causing 
an alignment defect of the liquid crystal molecule in each of a plurality of the divided electrodes. 

A flattening film for flattening the display electrode can be provided between the above-mentioned substrate 
and display electrode. 

One of the above-mentioned pair of substrates or one of the above-mentioned pair of display electrodes can 
comprise a material for reflecting light According to this constitution, a reflection type liquid crystal display device 
can be made without disposing another member. 

A pretilt angle ep of a liquid crystal molecule can satisfy 80° ^6p<90°. When a pretilt angle 6p satisfies 80° 
^0p<90° , a high response and an image quality with a high contrast are obtained since the liquid crystal molecule 
can be aligned and rearranged smoothly by ON/OFF of voltage. 

At least one retardation plate can be provided outside one of the above-mentioned pair of substrates. Accord- 
ing to this constitution, a viewing angle can be made even wider. A retardation plate may be either of positive and 
negative retardation plates. 

(2) The above-mentioned liquid crystal display device can be manufactured by a manufacturing method comprising 
the following constitution. 

A method of manufacturing a liquid crystal display device comprising a pair of substrates with a display elec- 
trode inside each of them, a liquid crystal alignment layer on an inside of at least one of the above-mentioned pair 
of substrates, a liquid crystal layer including a liquid crystal with a negative dielectric anisotropy disposed in a gap 
between the above-mentioned pair of substrates, and a polarizer disposed outside the above-mentioned pair of 
substrates; wherein a liquid crystal molecule of the above-mentioned liquid crystal layer is aligned approximately 
vertically to the substrate under no application of voltage, said method comprising the steps of forming the display 
electrode on each of the above-mentioned substrates; forming a monomolecular film (a thin film in a monolayer) by 
chemisorbing a chemical adsorbate comprising a compound having a functional group with repellency and a com- 
pound having a photosensitive group on each of the above-mentioned display electrodes; aligning a molecule com- 
posing the thin f Dm in a certain direction provisionally by drain-drying the nonaqueous organic solvent in a certain 
direction after instating a nonaqueous organic solvent into the above-mentioned thin film; forming the substrate 
with the alignment layer, in which an inclined direction of the molecule composing the thin film is different in each 
of a plurality of patterned divided sections of the alignment layer into which a pixel area is divided, by irradiating a 
patterned energy beam on the provisionally aligned thin film in the step of aligning provisionally, aligning the mole- 
cule composing the thin film again, crosslinking the molecule composing the thin film to each other, and fixing the 
above-mentioned alignment state at the second time; constructing the substrate by opposing the above-mentioned 
pair of substrates with the alignment layer so that the divided section of each alignment layer corresponds to its 
counterpart and sticking the substrates with a predetermined gap between the alignment layers; and injecting a 
liquid crystal material including a liquid crystal with a negative dielectric anisotropy into the above-mentioned gap 
to form the liquid crystal layer. 

A method of manufacturing a liquid crystal display device having the above-mentioned constitution can be con- 
stituted as described below. That is: 

A compound having a fluorocarbon group as an end group can be used as the above-mentioned compound 
having a functional group with repellency. When a molecule having a functional group with repellency is included in 
a molecule composing a thin fflm in a monolayer; the molecule is aligned in a vertical direction to a substrate by the 
function of repellency. Therefore, a liquid crystal alignment layer having a large pretilt angle b obtained, which Is 
convenient since an inclination to the substrate can be made even larger when a functional group with repellency 
exists at an end. The above-mentioned compound having a functional groip with repellency is bonded to the sub- 
strate at a hydrophilic group part (for instance, a functional group including a silicon atom), and thereby the above- 
mentioned fluorocarbon group as an end group is located at an end of a molecule which sticks out of the substrate. 

A compound having a finear carbon chain and/or a linear siloxane combined chain, and a functional group 
including a silicon atom can be used further as the above-mentioned compound having a fluorocarbon grotp as an 
end group. A compound having a linear carbon chain and/or a finear siloxane combined chain is convenient for con- 
trolling an alignment of a liquid crystal molecule since a length of the chain can be determined without any limita- 
tion. In a compound having a linear siloxane combined chain in its chain, since its molecule can rotate in the center 
of oxygen atom freely, an adsorbate molecule (a molecule composing a thin fim) is inclined easily in a predeter- 
mined direction. Therefore, a group of the adsorbate molecules can be incfined in a predetermined direction even 
more uniformly. Meanwhile, a compound having a functional group including a silicon atom can be chemisorbed 
easily through a siloxane bond to a hydroxy! group on a surface of a display electrode. Therefore, a liquid crystal 
alignment layer with an excellent resistance to detachment can be formed. 

A compound having a finear carbon chain and/or a linear siloxane combined chain, and a functional group 
including a silicon atom can be used further as the above-mentioned compound having a photosensitive group. A 
compound having such a functional group can be chemisorbed, as descrfoed above, on a surface of a display elec- 
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trode through the functional group including a silicon atom. The molecule can be crosslinked easily to each other 
at its photosensitive group part by irradiating a chemisorbed molecule. Therefore, an alignment layer having a sta- 
ble structure of alignment can be bonded firmly to a substrate, and a liquid crystal alignment layer with excellent 
liquid crystal alignment characteristic and resistance to detachment can be formed. The function and effect of a lin- 
ear carbon chain and/or a linear siloxane combined chain are the same as the above-mentioned description. 

The above-mentioned step of forming a substrate with an alignment layer can be made the step of changing 
an inclination and/or an alignment direction of a molecule composing the thin film to a substrate plane in each of a 
plurality of patterned divided sections of an alignment layer, into which an area on a thin film corresponding to a 
pixel is divided, by irradiating a polarized light two or more times, with a different polarized direction and a different 
irradiation area in each irradiation, on a provisionally aligned thin film plane in the above-mentioned step of aligning 
provisionally. 

The above-mentioned step of forming a substrate with an alignment layer can be made the step of repeating 
two or more times a series of steps comprising the first alignment step of aligning a molecule corrposing the thin 
film in a certain direction provisionally by drain-drying In a certain direction after infiltrating a nonaqueous organic 
solvent into a thin f Dm in a monolayer, and the second alignment step of irradiating a polarized light having a polar- 
ized direction approximately parallel with a provisional alignment direction ki-the above-mentioned first alignment 
step; and the step of changing an inclination and/or an alignment direction of a major axis of the molecule compos- 
ing the thin film to the substrate plane in each of a plurality of patterned divided sections of an alignment layer, into 
which an area on the thin fflm corresponding to a pixel is divided, by making a drain-drying direction at the N-th time 
(N is an integer of 2 or more) differ from a drain-drying direcfion at the first time through the [N — 1]-th time as well 
as making an irradiation area on a substrate in an irradiation of a polarized fight at the N-th time subsequent to the 
drain-drying at the N-th time differ from an irradiation area at the first time through the [N — 1]-th time. 

Since an inclination and/or an alignment direction, particularly an alignment direction, to a substrate plane can 
be changed more certainly by making a drain-drying direction of a nonaqueous organic solvent agree with a polar- 
ized direction of an irradiated light a multidomain type liquid crystal alignment layer of high quality, in which the 
inclination and/or the alignment direction to a substrate plane are different in each area, can be obtained by repeat- 
ing a series of steps comprising a drain-drying and an irracfiation of a polarized light. Accordingly, a liquid crystal 
display device which is excellent in such characteristics as a viewing angle, a contrast and a response can he man- 
ufactured by using such a liquid crystal alignment layer. 

The step of providing a switching element for cxwrtrolfing a votege applied to a 
above-mentioned pair of substrates can be added further to the above-mentioned manufacturing method. 

The step of providing a flattening fflm for flattening the display electrode between the above-mentioned sub- 
strate and display electrode can be added further to the above-mentioned manufacturing method. 

According to this constitution of providing a flattening film, even if some irregularities, dirt, scratches and 
switching elements exist on a substrate, a plane on which the display electrode is formed can be flattened since the 
irregularities and the like are covered with the flattening film. Consequently, a display electrode plane on the flat- 
tening fflm can be flattened. Therefore, the distortion of electric field (a lateral electric field) near the switching ele- 
ment can be prevented in the case of applying voltage between the display electrodes. Moreover, such a problem 
is solved that a liquid crystal molecule near an alignment layer is not aligned in a predetermined direction. Since a 
gap (cell gap) between the substrates is equal over the whole surface of a liquid crystal display device by a flat dis- 
play electrode plane, the occurrence of display unevenness is reduced. Furthermore, since it is unnecessary to 
consider Irregularities on a surface of the substrate and Irregularities by the switching element the cell gap can be 
made narrower, and thereby an electric field in a liquid crystal layer becomes intense. Consequently, the response 
speed can be made even higher. 

The step of forming a plurality of divided electrodes corresponding to the above-mentioned divided section of 
an alignment layer by providing a groove with a predetermined gap for at least one of the above-mentioned pair of 
display electrodes can be added further to the above-mentioned manufacturing method. 

One of the above-mentioned pair of substrates or one of the above-mentioned pair of cfisplay electrodes can 
comprise a material for reflecting fight. When the display electrode is formed by the material for reflecting light the 
cfisplay electrode serves as a reflector and it is unnecessary to manufacture a reflector specially. Therefore, a 
reflection type liquid crystal display device can be manufactured at a low cost. 

[BRIEF DESCRIPTION OF THE DRAWINGS OF THE SECOND INVENTION GROUP] 
[0064] 

Fig. 13 is a view for describing a liquid crystal display device and an alignment state of a liquid crystal molecule 
according to Embodiment 2-1 . 
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Fig. 14 is a view for describing a method of manufacturing a display device according to Errbodiment 2-1 . 
Fig. 15 is a view for describing a method of manufacturing a display device according to Embodiment 2-1 . 
Fig. 1 6 is a view for describing a method of manufacturing a display device according to Erribodiment 2-1 . 
Fig. 1 7 is a view for describing a method of manufacturing a display device according to Embodiment 2-1 . 
Fig. 18 is a view for descrtoing a method of manufacturing a display device according to Embodiment 2-1 . 
Fig. 19 is a view for describing a liquid crystal display device and an alignment state of a liquid crystal molecule 
according to Embodiment 2-2. 

Fig. 20 is a plan view for describing an alignment state of a liquid crystal molecule. 
Fig. 21 is a plan view for describing an alignment state of a liquid crystal molecule. 
Fig. 22 is a plan view for describing an alignment state of a liquid crystal molecule. 

Fig. 23 is a cross sectional view showing a summary of an active matrix type liquid crystal display device according 
to Embodiment 2-3. 

Fig. 24 is a cross sectional view showing a summary of an active matrix type liquid crystal display device according 
to Embodiment 2-4. 

Fig. 25 is a cross sectional view showing a summary of an active matrix type liquid crystal cfisplay device according 
to Embodiment 2-5. 

Fig. 26 is a partial cutaway plan view for describing a correspondence relation of a pair of display electrodes in a 
display device according to Embodiment 2-5. 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE SECOND INVENTION GROUP] 

[0065] The contents of the second invention group are descrfoed concretely, based on embodiments below. 

(Embodiment 2-1) 

[0066] Embodiment 2-1 is described referring to Figs. 13 to 18. A portion for which the description is unnecessary 
is omitted in Figs. 13 to 18 (other figures as well). Some portions are illustrated with exaggeration or reduction in order 
to make the description easier. 

[0067] A transmission type liquid crystal display device according to Embodiment 2-1 , as shown in Fig. 13 (b). has 
an ipper substrate 2001 , a lower substrate 2002 and a liquid crystal layer 2008 interposed between the upper substrate 
2001 and the lower substrate 2002. A display electrode 2003 is formed on the inside surface of the upper substrate 
2001, and an alignment layer 2005 is formed on the display electrode 2003. A negative film retardation plate 2010 is 
provided for the outside surface of the upper substrate 1 . In addition, a polarizer 201 1 is provided outside the film retar- 
dation plate 2010. 

[0068] A display electrode 2004 is formed on the inside surface of the lower substrate 2002, and an alignment layer 
2006 is formed on the display electrode 2004. In addition, a polarizer 201 2 is provided outside the lower substrate 2002. 
[0069] The above-mentioned upper substrate 2001 and lower substrate 2002 are transparent substrates compris- 
ing glass, quartz and the like. The above-mentioned display electrodes 2003 and 2004 are transparent conductive films 
comprising I TO (Indium Tin Oxide). The above-mentioned liquid crystal layer 2008 includes a hematic liquid crystal (MJ- 
951 152; made by MELC Corp.) with a negative dielectric anisotropy. and a thickness of the liquid crystal layer 2008 is, 
for instance, 3.5 \*m. This liquid crystal layer 2008 is composed of bisected liquid crystal alignment areas A, Bin each 
pixel, wherein an alignment direction of a liquid crystal molecule is different A liquid crystal molecule In the liquid crystal 
alignment area (hereinafter referred to as simply 'alignment area") A and a liquid crystal molecule in the alignment area 
B are inclined in a reverse direction to each other for the boundary plane P. and a pretilt angle in both areas is an 
approximately right angle. Thus, since a pixel is divided into two alignment areas A, Band additionally a liquid crystal 
molecule in the alignment area A and a liquid crystal molecule in the alignment area B are inclined in a reverse direction 
to each other for the boundary plane P, the refractive anisotropy of the liquid crystal molecule is averaged and a wide 
viewing angle is obtained when a cfisplay screen is observed from a diagonal direction. 

[0070] The above-mentioned alignment layers 2005 and 2006 are thin films in a monolayer (monomolecular film), 
which are formed by chemisorbing a group consisting of a plurality of silane-based molecules on a surface of the display 
electrodes 2003 and 2004 through a siloxane bond (— SiO— ). and crossfinWng the group in a state of inclining in a pre- 
determined direction (X direction in the divided areas 2005a, 2005b and X* direction in the divided areas 2006a, 2006b) 
in each of divided areas 2005a, 2005b. 2006a and 2006b. Thus, since the alignment layers 2005 and 2006 are formed 
by the chemisorption on a surface of the display electrodes 2003 and 2004 through a siloxane bond, the alignment lay- 
ers 2005 and 2006 are excellent in resistance to detachment. Moreover, the alignment layers 2005 and 2006 has a 
monolayer and a thickness of them is extremely thin. 

[0071] When a liquid crystal molecule contacts these alignment layers 2005 and 2006, an end of the liquid crystal 
molecule enters a gap between the silane-based molecules. Then, as described above, since the plurality of si lane- 
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based molecules are inclined in a predetermined direction in each of the areas 2005a, 2005b, 2006a and 2006b. liquid 
crystal molecules 2007a to 2007d near each of the areas are controlled by the plurality of silane-based molecules, and 
are inclined in a direction wherein the silane-based molecules are inclined. In this Embodiment, each of the liquid crys- 
tal molecules 2007a to 2007d is inclined at a pretilt angle of Op with the upper substrate 2001 and the lower substrate 
2002. According to such alignment treatment of the alignment layers 2005 and 2006. as described above, an alignment 
area of a liquid crystal in the liquid crystal layer 2008 is divided into two alignment areas A, B for the boundary plane P. 
In a mode shown in Fig. 13 (a), the divided areas 2005a. 2006a of the alignment layer corresponding to the alignment 
area A and the divided areas 2005b, 2006b of the alignment layer corresponding to the alignment area B are formed 
equally, and thereby the alignment areas A, B are symmetrical with respect to the boundary plane P. A pixel unit is com- 
posed of the alignment areas A, B. 

[0072] A thin film in a monolayer consisting of the above-mentioned group of silane-based molecules comprises a 
thin film precursor substance including a molecule (hereinafter referred to as 'molecule A*) having a linear carbon chain 
and/or a linear siloxane combined chain, a functional group having a silicon (Si) atom, and a photosensitive group as 
well as a molecule (hereinafter referred to as 'molecule B*) having a linear carbon chain and/or a linear siloxane com- 
bined chain, a functional group having a silicon (Si) atom, and a f luorocaibon group as an end group. Since the above- 
mentioned molecule A as the molecule of the thin film precursor substance has the photosensitive group, the alignment 
layers 2005 and 2006 can have a structure of crosslinking by the polymerization of the photosensitive group to each 
other. On the other hand, since the above-mentioned molecule B has the f luorocaibon group as an end group, a pretilt 
angle of a liquid crystal molecule can be made wider by the function of repellency of the f luorocarbon group. 
[0073] Furthermore, because of having the functional group including a silicon atom, the above-mentioned mole- 
cules A, B can have a siloxane bond to a hydroxyl group on a substrate plane (a surface of the display electrodes 2003 
and 2004) with a display electrode, and can be bonded chemically and firmly to a surface of the substrata In particular, 
in the case of a molecule having the functional group including a silicon atom at the other end of a major axis of the 
molecule, the molecule is chemisorbed easily to the substrate plane and a length of the molecule extending from the 
substrate plane becomes longer. Consequently, it is preferable that an alignment control force over a liquid crystal mol- 
ecule becomes intense. In the case of having the linear siloxane combined chain in a chain, a molecule can rotate in 
the center of oxygen atom freely and the degree of freedom in the molecule is raised. Therefore, the linear siloxane 
combined chain is preferable in that it is easy to incline the molecule in a predetermined direction even more uniformly. 
In the case of having the linear carbon chain, it is preferable that a length of the chain can be determined without any 
limitation. In addition, it is preferable that a carbon number of the above-mentioned linear carbon chain is within 5 to 30 
inclusive, more preferably 8 to 25 inclusive. The reason is as follows: it is occasionally difficult to align a liquid crystal 
molecule in a vertical direction to the upper substrate 2001 or the lower substrate 2002 if the above-mentioned carbon 
number is less than 5, while the linear carbon chain is occasionally inappropriate for a material of an alignment layer if 
the above-mentioned carbon number is more than 30. 

[0074] A carbon trifluoride group (— CF 3 ), a carbon diftuoride group (— CF2) and the fike are mentioned as the 
above-mentioned fluorocarbon group. A dnnamoyl group, a methacrytoyl group and the like are mentioned as the 
above-mentioned photosensitive group. H is preferred that the above-mentioned functional group having an Si atom is 
a group having a bond with a hydroxyl group (—OH). Specifically, a chtorosilyl group (— SiQ), a dichlorosilyl group (— 
SiCy, a trichlorosilyl group (-— SiCy, an alkoxysilyf group and an isocyanatosilyl group are mentioned. 
[0075] It is preferable that a ratio in a molecule number of the above-mentioned molecule A to the above-mentioned 
molecule B is within 1 X). 1 to 0.01 :1 . If the ratio of the molecule A is too low, it is difficult to keep a monomolecular f flm 
inclined in a predetermined direction since the molecule B which is never crosslinked increases. That is, It is difficult to 
align each liquid crystal molecule uniformly in a predetermined cfirection, and consequently an alignment defect is 
caused easily. Meanwhile, if the ratio of the molecule A is too high, it is cfifficult to align the liquid crystal molecule at a 
large pretilt angle since the molecule B having a fluorocarbon group decreases relatively. Accordingly, the above-men- 
tioned range is preferable, and a pretilt angle of the liquid crystal molecule can be determined at a desirable angle prop- 
erly by changing the ratio of the molecule A to the molecule B within the above-mentioned range. 
[0076] Next, a method of manufacturing a liquid crystal display device according to Embodiment 2-1 is described. 
[0077] First, the display electrode 2004 was formed on the lower substrate 2002 by a publicly known method. A film 
of Si0 2 (not shown in figures) was formed on the above-mentioned display electrode 2004 by a method of CVD (Chem- 
ical Vapor Deposition) and a method of sputtering. On the other hand, a silane-based chemical adsorbate (or called sur- 
face active agent) represented by the following Chemical Formula 4 and Chemical Formula 5 was prepared as the 
above-mentioned molecule A and molecule B respectively, and a mixture solution in which a mixture ratio in a molecule 
number of the Chemical Formula 4 to the Chemical Formula 5 is 1 :0.08 was produced. A chemisorption solution was 
obtained by dissolving the mixture solution in dehydrated hexadecane (nonaqueous organic solvent) at a density of 
approximately 1 wt.%. 
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(Chemical Formula 4) 



CI 
I 

(CHz)s — O — Si — CI 
I 

CI 



[Chemical Formula 5] 

CI 
I 

Cf 3-<CF2>7-(CH2)*-Si-C! 

I 

CI 



[0078] The nonaqueous organic solvent is not limited to the above-mentioned hexadecane. Such hydrocarbon- 
based solvents as pentane. hexane. cyclohexane. octane and decane; such chlorine-based solvents as chloroform, 
carbon tetrachloride, trichloroethylene and methylene chloride; and a fluorine-based solvent are usable besides the 
hexadecane. Above all. it is preferable to use a nonaqueous organic solvent having at least one functional group among 
an alkyl group, a fluorocarbon group, a chlorocarbon group or a siloxane group, and an alignment layer with an excellent 
alignment control characteristic, wherein a liquid crystal molecule can be aligned in a desirable direction, is obtained by 
using such a nonaqueous organic solvent 

[0079] Subsequently to the above, as shown in Fig 14, a monomolecular film 2016 was formed by chemisorbing a 
molecule represented by the above-mentioned Chemical Formula 4 and Chemical Formula 5 on the display electrode 
2004 while immersing the lower substrate 2002 In a chemisorption solution 281 for approximately an hour. As described 
above, the lower substrate 2002 and the display electrode 2004 are made of glass and ITO respectively, and such a 
functional group having active hydrogen as an — OH group; an — NKfe group, an > NH group and an «SH group exists 
on these surfaces. Accordingly, a functional group having Si in the chemical adsorbate molecule and a functional group 

among the above cause a reaction of eliminating hydrochloric acid and have a covalent bond of — SiO — or SiN <. 

In this Embodiment, a reaction of eliminating hydrochloric add was caused between an — SiCtj and an — OH group, 
as represented by the following Chemical Formula 6. 

[0080] A method of applying the above-mentioned chemisorption solution 2081 on a surface of the display elec- 
trode 2004 may be adopted Instead of immersing the lower substrate 2002 in the chemisorption solution 2081 . 

[Chemical Formula 6] 

CI CI 
I I 

-Si-CI + HO- -Sf-O- ♦ HCI 

I I 
CI CI 



[0081] Next, after taking the lower substrate 2002 out of the above-mentioned chemisorption solution 2081. the 
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operation of washing by immersing the above-mentioned lower substrate 2002 in a washing solution 2083 conprtsing 
well-dehydrated chloroform for ten minutes was repeated three times with the renewal of the washing solution each 
time. Since the silane-based chemical adsorbate which does not react is removed by this operation of washing and 
such dirt as dust is reduced, it is possible to obtain an alignment layer with excellent alignment control characteristic 
5 and transparency. 

[0082] Subsequently, the washing solution 2083 was drain-dried as shown in Figs. 15(a) and (b). Specifically, the 
lower substrate 2002 was pulled up out of the washing solution 2083 in a direction of an arrow V (refer to Fig. 15 (a)), 
and additionally the washing solution left on the substrate plane was drain-dried while keeping in this pulling-up direc- 
tion (refer to Fig. 15 (b)). Thus, a molecule composing the monomolecular film 2016 was inclined in a draining direction 
10 V. An inclination by this operation is named a provisional alignment in the specification. 

[0083] After the above-mentioned drain-drying, an adsorbed molecule was made to react with water by exposing 
the lower substrate 2002 to an atmosphere including humidity. Thus, an OH group was substituted for an unreacted CI 
group of the chemisorbed molecule on the display electrode 2004. This reaction is represented by the following Chem- 
ical Formula 7. 
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[Chemical Formula 7] 



CI OH 

I I 

+ 2H20 — -Si-O- + 2HCI 

I I 
CI OH 



30 [0084] Moreover, the above-mentioned lower substrate 2002 was dried. Thus, a reaction of dehydration repre- 
sented by the following Chemical Formula 8 was caused. Through the above, the provisional alignment was conpleted. 
A thickness of a monomolecular film 226 (refer to Fig. 15(b)) thus formed on the substrate was approximately 1 .8 nm 



[Chemical Formula 8] 



OH o- 

I I 

Sl-O- — ^ -Sl-O- + H20 

1 I 

OH O- 



[0085] A method of drain-drying is not limited to the above-mentioned method. For instance, the following methods 
so may be adopted: a method of drain-drying in a centrifugal direction by rotating a turntable on which the lower substrate 
2002 is laid; and a method of drain-drying by blowing air onto the monomolecular film plane from a certain direction 
after wetting a monomolecular fflm with a washing solution. 

[0086] Next, the step of crosslinWng the adsorbed molecule is described. As shown in Fig. 16. the divided area 
2006a of the monomolecular f im 226 was cut off fight by a photomask 286 having a cutoff part 2085. A polarized ultra- 
65 violet ray having a polarized direction T (a wavelength of 365 nm. an irradiation intensity of 500W) was irradiated from 
a direction shown by an anrow U for 45 seconds. Thus, the polarized light was irratfiated on the divided area 2006b. and 
consequently a group of the adsorbed molecules (a group of molecules composing a thin fflm) in the divided area were 
inclined In the V cfirection and a molecule having a photosensitive group was photopolymerized and crosslinked to each 
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other. The molecule having a photosensitive group was the above-mentioned molecule represented by the Chemical 
Formula 4. and as represented by the following Chemical Formula 9. this molecule was crosslinked to each other 
through a bond of carbon- carbon in a photosensitive group part (vinyl group). 



(Chemical Formula 9] 




| o- 

cH~CH-c-^^y-(CH2)6~o-a-o- 



o- 



[0087] On the other hand, the above-mentioned molecule represented by the Chemical Formula 5 is never pho- 
topolymerized because of not having the photosensitive group. Since the above-mentioned molecule represented by 
the Chemical Formula 4 was crosslinked to each other with inclination, the above-mentioned molecule represented by 
the Chemical Formula 5 is expected to be inclined similarly under the control of the molecule represented by the Chem- 
ical Formula 4. In an extremely thin monomolecular film, an energy quantity of ultraviolet rays necessary for a reaction 
of photopolymerization is small as compared with a conventional polymer film. Therefore, the time for irradiating ultra- 
violet rays can be made extremely short. 

[0088] Again, as shown in Fig. 17(a). after immersing the lower substrate 2002 in the above-mentioned washing 
solution 2083 and pulling up in a direction of an arrow V (refer to Fig. 17(a)). the washing solution was drain-dried in a 
V direction while leaving motionless in this direction for a moment (a drain-drying at the second time). Since a molecule 
in the area 2006b was crosslinked to each other in an irradiation of fight at the first time, its alignment state was stabi- 
lized. Accordingly, as shown in Fig. 17 (b). the group of the adsorbed molecules in the divided area 2006b remained 
inclined in an alignment direction at the first time, namely, the V direction. Meanwhile, a group of the adsorbed mole- 
cules in the divided area 2006a. a cutoff area at the first time, were aligned provisionally again in a draining direction 
at the second time, namely, the V direction. 

[0089] Subsequently to the provisional alignment at the second time, as shown in Fig. 1 8, an ultraviolet ray was irra- 
diated on the divided area 2006a while cutting the divided area 2006b off light by the photomask 286 like the above. 
Thus, it was possfole to photopolymerize a molecule having a photosensitive group in the divided area 2006a to each 
other and, as shown in Fig. 6, to form the area 2006a having an alignment direction reverse to the alignment direction 
in the divided area 2006b. 

[0090] In adcftion, the alignment layer 2005 wherein the divided areas 2O05a t 2005b have an alignment direction 
reverse to each other was formed on the display electrode 2003 by repeating a similar step to the above with the upper 
substrate 2001. 

[0091] Subsequently, an empty cell was constructed by opposing the upper substrate 2001 with the alignment layer 
2005 and the lower substrate 2002 with the alignment layer 2006 so that the divided areas 2005a, 2005b correspond 
to the divided areas 2006a. 2006b respectively (refer to fig. 13 (b)). Later, the Gqiad crystal layer 2008 was formed by 
Meeting a liquid crystal material including a nematic liquid crystal into the above-mentioned empty cell, and additionally 
a liquid crystal display device was obtained by disposing the film retardation plate 2010 and the polarizer 201 1 outside 
the upper substrate 2001 and disposing the polarizer 2012 outside the lower substrate 2002. 

[0092] According to the above-mentioned manufacturing method, a group of adsorbed molecules are aligned pro- 
visionally by a simple method of drain-drying, and later an alignment control characteristic over a liquid crystal is pro- 
vided for a monomolecular fflm by a means of irradiating a polarized light According to this means, since rubbing 
treatment is not necessary the deterioration on a surface of an alignment layer due to a rubbing stripe does not occur. 
The alignment control characteristic over a liquid crystal can be changed in each of the different divided areas by irra- 
diating the polarized light selectively on the different divided areas on the monomolecular film with a photomask. Then, 
since the photomask has only to cut a predetermined divided area of an alignment layer off light a special work is not 
necessary for forming a fflm for cutting off on the monomolecular fflm. That is, according to the above-mentioned man- 
ufacturing method, a nuittidomain alignment type liquid crystal alignment layer of high quality can be manufactured with 
a high productivity. On the contrary in the case of manufacturing an alignment layer having a muttidomain alignment 
with a rubbing method, it is necessary to repeat a complicated operation of forming and detaching photoresist (protec- 
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tive film). Then, there is a possibility of damaging the alignment layer physically and chemically. 
[0093] Next, an action mode of a liquid crystal display device according to Embodiment 2-1 is described. 
[0094] For instance, a picture signal driving circuit (not shown in figures) for outputting a picture signal is connected 
with a liquid crystal display device having the above-mentioned constitution. Thus, an image can be displayed on a dis- 
play screen. In the case of not applying voltage between the display electrodes 2003 and 2004, an initial alignment state 
of each of the liquid crystal molecules 2007a to 2007d is as follows. That is, as shown in Fig. 13 (b), an alignment of the 
liquid crystal molecules 2007b and 2007d near the alignment layer 2006 is controlled by the alignment layer 2006, and 
the liquid crystal molecules 2007b and 2007d are inclined in X and X* directions respectively at a pretilt angle of 88° with 
the lower substrate plane 2002. The liquid crystal molecules 2007a and 2007c near the alignment layer 2005, like the 
above, are inclined in Y and V directions respectively at a pretilt angle of 88°. 

[0095] On the other hand, in the case of applying voltage between the display electrodes 2003 and 2004. since an 
electric field is caused in the liquid crystal layer 2008 in a normal direction of the lower substrate 2002, liquid crystal 
molecules 2007e and 2007f near the middle of the liquid crystal layer 2008 attempt to transfer to a new alignment state 
due to the electric field effect That is, although a direction of a minor axis of the liquid crystal molecules 2007e and 
2007f attempts to be parallel with an electric flux line in the above-mentioned electric field, the above-mentioned liquid 
crystal molecules 2007e and 200 7f are inclined in a reverse direction to each other so as to be symmetrical with respect 
to the boundary plane P because of being affected by the liquid crystal molecules 2007a to 2007d near the alignment 
layers 2005 and 2006. In other words, an alignment direction of each of the liquid crystal molecules 2007a to 2007d is 
inclined uniformly in the alignment areas A. B. Accordingly, the transmittance of light changes uniformly in each of the 
alignment areas A, B, and the alignment areas A, B are areas into which a pixel is divided equally. Even if a display 
screen is observed from a diagonal direction, the refractive arrisotropy of the liquid crystal molecule is averaged, and 
consequently a viewing angle characteristic is improved. 

[0096] A liquid crystal display device in Embodiment 2-1 based on the above-mentioned principle had a display 
contrast ratio of approximately 300. a viewing angle of ±70° and a response speed of approximately 20ms. A conven- 
tional liquid crystal display device of a twisted nematic (TN) mode using a nematic liquid crystal with a positive dielectric 
anisotropy has a response speed of approximately 50ms. Judging from this, according to the present invention, it is 
proved that a liquid crystal display device of a homeotropic alignment mode having a high-speed response, a high con- 
trast and a wide viewing angle can be provided. 

(Embodiment 2-2) 

[0097] Embodiment 2-2 according to the present invention is descrtoed, based on Figs. 1 9 to 22. As regards a com- 
ponent having a similar function to a device in the above-mentioned Embodiment 2-1 , a detailed description is omitted 
by giving the same number to the above-mentioned Figs. 

[0098] An active matrix type fiquid crystal display device according to Embodiment 2-2 and a fiquid crystal display 
device according to the above-mentioned Embodiment 2-1 are efferent in the number of divisions of a pixel. A pixel is 
divided into four parts in the device in Embodiment 2-2. Specifically/ as shown in Fig. 19. an area ofa liquid crystal layer 
201 8 corresponding to a pixel is divided equally into four liquid crystal alignment areas C to F. A fiquid crystal molecule 
in the liquid crystal alignment area C and a liquid crystal molecule in the liquid crystal alignment area E are aligned with 
inclination in a reverse direction to each other, and a liquid crystal molecule in the liquid crystal alignment area D and a 
liquid crystal molecule In the liquid crystal alignment area F are aligned with inclination in a reverse direction to each 
other. A pretilt angle of a liquid crystal molecule in the fiquid crystal alignment areas C to F is the same. In Fig. 19 (a), 
X is an alignment direction of a fiquid crystal molecule in the fiquid crystal alignment area C, Y is an alignment direction 
of a liquid crystal molecule in the liquid crystal alignment area D. X* is an alignment direction of a fiquid crystal molecule 
in the liquid crystal alignment area E, and V is an alignment direction of a fiquid crystal molecule in the fiquid crystal 
alignment area F. 

[0099] Meanwhile, in the alignment layers 2005 and 2006, cfivided areas 2005c, 2005d, 2005e and 2005f (the align- 
ment layer 2005) and divided areas 2006c. 2006d, 2006e and 2006f (the alignment layer 2006) are formed correspond- 
ingly to the liquid crystal alignment areas C to F in order to form the fiquid crystal alignment areas C to F. These divided 
areas are different in an inclined direction (a direction of aligning a molecule) of a molecule composing the alignment 
layer. 

[0100] Next, a method of rnanufacturing a liquid crystal display device according to Embodiment 2-2 is described. 
[01 01 ] First, fike the above-mentioned Embodiment 2-1 , after chemisorbing a silane-based molecule on the display 
electrode 2004 of the lower substrate 2002 through a f Urn of SiO* the silane-based chemical adsorbate which does not 
react was removed by immersing in the washing solution 2083 to wash, and the lower substrate 2002 was pulled up in 
a reverse direction to X direction shown in Fig. 19 (a) to drain-dry the washing solution while keeping in this direction. 
Later, a hydroxy! group was substituted for an unreacted CI group of the silane-based molecule by exposing to an 
atmosphere including humidity. Next an ultraviolet ray having a polarized direction parallel with the X direction was irra- 



22 



EP 1 020 756 A1 



diated on the divided area 2006c while cutting the divided areas 2006d to 2006f off light by the photomask 2086 having 
the cutoff part 2085. Thus, a group of molecules belonging to the divided area 2006c were fixed with inclination in the 
X direction. 

[0102J The lower substrate 2002 with an alignment layer, wherein a group of molecules belonging to the divided 
5 areas 2006d, 2006e and 2006f were fixed with inclination in the directions Y, X' and Y respectively, was manufactured 
by executing the same step (except the steps of chemisorbing and substituting for an unreacted CJ group) as the case 
of the divided area 2006c to each of the above-mentioned divided areas 2006d to 2006f which were cut off lioht bv the 
photomask 2086. 7 
[0103J The substrate 2002 with an alignment layer having the divided areas 2005c to 2005f, in which an inclined 
10 direction of a group of molecules is different was manufactured similarly to the lower substrate 2002. 

[0104] Subsequently, the upper substrate 2001 with an alignment layer and the lower substrate 2002 with an align- 
ment layer were stuck with a predetermined gap. and later a liquid crystal cell was formed by injecting a liquid crystal 
material into the gap (the liquid crystal layer 2018). Furthermore, a liquid crystal display device was obtained by provid- 
ing the film retardation plate 2010 and the polarizer 201 1 outside the upper substrate 2001 and providing the polarizer 
15 20 12 outside the lower substrate 2002 (refer to Fig. 19(b)). 

[0105] According to Embodiment 2-2, it is possfole to manufacture four divided pixels, into which a pixel is divided, 
without executing rubbing treatment and photolithography process. Thus, it is possible to obtain a liquid crystal display 
device of a homeotropic alignment division, wherein a viewing angle on a display screen is widened up ad down as well 
as right and left. 
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[Supplementary matters in Embodiment 2-2] 



[0106] A liquid crystal alignment area in a pixel can be provided in larger numbers, and for instance, as shown in 
Fig. 20. a liquid crystal area corresponding to a pixel can be divided into eight parts to form alignment areas a to h Also 
25 in the case of dividing a liquid crystal area into eight parts in this manner, it is preferable to use a method of repeating 
^ a drain-drying and an irradiation of a polarized light When a liquid crystal area in a pixel is divided into eight alignment 
areas, a liquid crystal display device having an extremely excellent viewing angle characteristic can be obtained. 
[0107] In the above-mentioned Embodiment 2-2, a drain-drying direction and a polarized direction were made dif- 
ferent by the number of liquid crystal alignment area into which a pixel is divided, while the number of the steps of man- 
30 ufecturing can be decreased by devising a drain-drying direction as described below. That is, first a drain<Jrying is 
executed in Z direction shown in Fig. 21 (a drain<Jrying at the first time). Thus, a group of molecules composing a mon- 
omolecularfilm are inclined in the Z direction. Subsequently, an unreacted molecule of the monomolecular film is made 
to react with water by exposing to an atmosphere including humidity. Later, an ultraviolet ray having a polarized direction 
parallel with X direction is irradiated on a divided area c (corresponding to an alignment area C in Fig. 21). and an uftra- 
35 violet ray having a polarized direction parallel with Y direction is irradiated on an area d (corresponding to an alignment 
area D). Thus, a group of molecules belonging to the areas c and d are crosslinked to each other with inclination in the 
directions X and Y respectively. Next a drain-drying is executed in T direction. Later, an ultraviolet ray having a polar- 
ized direction parallel with X* direction is irradiated on a divided area e (corresponding to an alignment area E in Fig 
21), and an ultraviolet ray having a polarized direction parallel with Y direction is irradiated on an area f (corresponding 
to an alignment area F). Thus, a group of molecules belonging to the areas e and f are crosslinked to each other with 
inclination in the directions X* and Y respectively. According to this method, since tow divided areas can be formed by 
two drain-dryings, the manufacturing efficiency is raised all the more. 

[0108] In addition. H is preferable to divide a liquid crystal area into four parts by two diagonal fines as shown in Fig 
22, in view of simplifying the manufacturing process. A manufacturing method in this case is descrfoed simply below 
After drain-drying divided areas a and b of an alignment layer in Z direction, an ultraviolet ray having a polarized direc- 
tion parallel with directions YadXMs irradiated on the divided areas a ad b respectively. On the other hand, after drain- 
drying divided areas c and d in Z direction, an ultraviolet ray having a polarized direction parallel with directions X and 
Y is irradiated on the divided areas c and d respectively. Thus, as shown in Fig. 22, it is possible to obtain an alignment 
layer wherein an area corresponding to a pixel is divided into four parte. According to this method, since four divided 
areas can be formed by two drain-dryings without requiring a drain-drying in each divided area, the manufacturing effi- 
aency is raised, and additionally rt is possible to actualize a liquid crystal display device having an excellent viewing 
angle characteristic from a diagonal direction 

(Embodiment 2-3) 

[0109] Embodiment 2^3 of the present invention is described, based on Fig. 23. Like Embodiment 2-2. as regards 
a component having a similar function to a liquid crystal display device in the above-mentioned Embodiment 2-1. a 
detailed description is omitted by giving the same number. 



23 



wjonnr.irv *pp 



1O0O7KAA1 i > 



EP 1 020 756 A1 



[0110] As shown in Fig. 23, an active matrix type liquid crystal display device according to Embodiment 2-3 is dif- 
ferent from a liquid crystal display device according to the above-mentioned Embodiment 2-1 in providing a switching 
element 2009 on the lower substrate 2002. Each component except the switching element 2009 was manufactured sim- 
ilarly to the above-mentioned Embodiment 2-1 . 

5 [011 1] The switching element 2009 is an element for controlling ON/OFF of a voftage applied to the display elec- 
trode 2004, such as TFT (Thin Film Transistor) enabling an active matrix drive. A method of forming such the switching 
element 2009 as TFT is not particularly limited, and various publicly known methods have been adopted conventionally. 
[01 12] A display characteristic of a device in Embodiment 2-3 using TFT as the switching element 2009 was as fol- 
lows. When the switching element 2009 was made OFF (voltage was not applied between the display electrodes 2003 

10 and 2004), each of the liquid crystal molecules 2007a to 200 7d near the alignment layers 2005 and 2006 in alignment 
areas G and H was symmetrical with respect to the boundary plane P and was inclined in a reverse direction to each 
other at a pretilt angle of 88°. The liquid crystal molecules 2007e and 2007f were symmetrical with respect to the bound- 
ary plane P and were inclined in a reverse direction to each other because of being affected by the liquid crystal mole- 
cules 2007a to 2007d. Meanwhile, when the switching element 2009 was made ON (voltage was applied between the 

75 display electrodes 2003 and 2004), a major axis of each liquid crystal molecule was aligned in a direction vertical to the 
normal direction due to an electric f ield caused in a normal direction of a substrate plane. 

[0113] When a cfisplay contrast ratio, a viewing angle and a response speed were examined, they were approxi- 
mately 300, ±70° and approximately 20 ms respectively 

[01 1 4] The reason why a wide viewing angle is obtained is as follows: each of the liquid crystal molecules 2007a to 
20 2007d is inclined uniformly in each of the alignment areas G. H, and the transmittance of fight changes uniformly In each 
of the alignment areas G,H; and consequently the refractive anisotropy of the liquid crystal molecule is averaged. The 
reason why an excellent display contrast ratio is obtained is that an alignment layer for controlling an alignment of a liq- 
uid crystal molecule is excellent in the order of an alignment. The reason why a high response speed is obtained is to 
adopt a display mode wherein a liquid crystal molecule is aligned approximately vertically to a substrate under no appG- 
25 cation of voltage by using the above-mentioned alignment layer, and is aligned and rearranged in a direction of cutting 
off light transmission under an application of voltage. 

[01 1 5] According to a constitution described in Embodiment 2-3, a liquid crystal molecule can be driven independ- 
ently in each pixel by the switching element 2009. Therefore, the number of pixels and pay scales can be increased, 
and an image display in full color with a high minuteness can be actualized. 

30 

(Embodiment 2-4) 

[01 1 6] Embodiment 2-4 of the present invention is described, based on Fig. 24. Like the above, as regards a com- 
ponent having a similar function to a liquid crystal display device in the above-mentioned Embodiment 2-3, a detailed 

35 description is omitted by giving the same number. 

[01 17] As shown in Fig. 24, an active matrix type liquid crystal dsplay device according to Entrcdimerrt 2-4 is dif- 
ferent from a liquid crystal display device according to the above-mentioned Embodiment 2-1 in providing the switching 
element 2009 and a flattening film 2061 on the lower substrate 2002. and different from a liquid crystal display device 
according to the above-mentioned Embodiment 2-3 in providing a flattening film 2061. A characteristic part in a device 

40 according to Embodiment 2-4 is descrfoed below. 

[Oil 18] The above-mentioned flattening film 2061 is provided for the lower substrate 2002 with the switching ele- 
ment 2009, and additionally a contact hole 2070 is provided on the flattening flm 2061 . The switching element 2009 
and the display electrode 2004 are connected electrically through the contact hole 2070. The significance of such a 
constitution is as follows. 

45 [0119] Some irregularities, dirt and scratches occasionally exist on a surface of the lower substrate 2002 as a mem- 
ber (before adding another component), and the surface of the lower substrate 2002 becomes irregular after forming 
the switching element 2009 and a wiring pattern (not shown in figures). Consequently, if the display electrode 2004 is 
formed directly on the lower substrate 2002, the display electrode 2004 becomes uniform with difficulty and irregulari- 
ties occur on the display electrode 2004 as well. Then, Embodiment 2-4 employs a constitution in which the display 

so electrode 2004 is formed after flattening the substrate plane by forming the flattening film 2061 on the lower substrate 

2002 with the switching element 2009. According to this constitution, the distortion of electric field (a lateral electric 
field) near the switching element 2009 can be prevented in the case of applying voltage between the display electrodes 

2003 ad 2004, and such an alignment defect does not occur that a liquid crystal molecule near the switching element 
2009 is inclined in a reverse direction. Since the flat display electrode plane 2004 can be formed, a cell gap is equal 

55 over the whole surface of a liquid crystal layer, and as a result the occurrence of display unevenness is reduced. 
[0120] A cell gap has been conventionally determined with extra space In consideration of irregularities on a sur- 
face of the lower substrate 2002 and the distortion of electric field near the switching dement 2009. However, because 
of providing the above-mentioned flattening film 2061 , the above-mentioned irregularities on a surface of the lower sub- 
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strate 2002 are covered and it is unnecessary to provide the extra space for the cell gap, and thereby the cell gap can 
be made narrower. Consequently, since an electric field acting on a liquid crystal layer 228 becomes intense, the reduc- 
tion of power consumption can be intended and the response speed can be irrproved. 

[0121] A liquid crystal display device according to Enixxfiment 2-4 is obtained by executing the same step as the 
above-mentioned Embodiment 2-3 except the steps of coating the flattening film 2061 and forming the contact hole 
2070. Then, a material of the flattening film 2061 is not particularly limited and it is preferred that the material is an elec- 
trical insulator. Various publicly known materials have been used conventionally. Specifically, silicon dioxide (S\0£, pol- 
ymer resin and the like can be used. The above-mentioned flattening film 2061 can be formed by an applying method 
a bias sputtering method, a refiowing method, an etch back method, a lift-off method and the like, while the above-men- 
tioned contact hole 2070 can be formed by such various publicly known conventional methods as photolithography 
process. 

[0122] Since the contact hole 2070 is provided for the flattening film 2061 and additionally the switching element 
2009 and the display electrode 2004 are connected electrically through the contact hole 2070, an application of voltage 
to the display electrode 2004 can be controlled by the switching element 2009. Although an action mode of an active 
matrix type liquid crystal display device according to Embodiment 2-4 is basically the same as the above-mentioned 
Embodiment 2-3, the device had a higher response speed than the above-mentioned Embodiment 2-3, which was 
shown by the following result: a display contrast ratio, a viewing angle and a response speed were approximately 300 
±70° and approximately 10ms respectively when the characteristics of the device were examined. 
[01 23] Like the above, according to a constitution described in Embodiment 2-4, a liquid crystal display device hav- 
ing an extremely excellent response can be made compared with the above-mentioned Embodiment 2-3. 

(Embodiment 2-5) 

[0124] Embodiment 2-5 of the present invention is described, based on Fig. 25 (a cross sectional view of a liquid 
crystal display device) and Fig. 26 (Fig. 25 observed from a vertical direction to a substrate). Fig. 26 is a partial cutaway 
plan view for describing a correspondence relation of display electrodes 203 and 2074. As regards a component having 
a similar function to a liquid crystal display device in the above-mentioned Emixxliment 2-3. a detailed description is 
omitted by giving the same number. 

[01 25] As shown in Figs. 25 and 26. an active matrix type liquid crystal display device according to Embodiment 2- 
5 is different from a liquid crystal display device (refer to Rg. 23) according to the above-mentioned Embodiment 2-3 in 
substituting the display electrode 2074 having an aperture 2074c for the display electrode 2004 on the side of the lower 
substrate 2002. 

[01 26] The above-mentioned display electrode 2074 is divided into an area 2074a and an area 2074b so that the 
areas are equal through the aperture 2074c in a slit with a gap of 10 urn. and the area 2074a and the area 2074b are 
equal correspondingly to the divided areas 2005a. 2006a and the cfivided areas 2005b. 2006b respectively. Moreover 
a liquid crystal layer 238 is divided into alignment areas K and L correspondingly. 

[0127] A liquid crystal display device according to Embodiment 2-5 having such a characteristic was manufactured 
by executing the same step as the above-mentioned Embodiment 2-3 except for adding the step of forming the aperture 
2074c by patterning a transparent electrode made of ITO with etching. 
[01 28] Next, an action mode in a device according to Embodiment 2-5 is described. 

[0129] In a liquid crystal display device having the above-mentioned constitution, not merely an alignment control 
force of the alignment layers 2005 and 2006 but also an effect by the aperture 2074c. namely, an alignment control force 
by an electrode fringe electric field (an arrow in Fig. 25) acts on a liquid crystal molecule near the alignment layers 2005 
and 2006. Accordingly, a liquid crystal molecule in the liquid crystal alignment areas K and Lis aligned in a reverse 
direction to each other even more certainly. Further details are described below. When the switching element 2009 is 
made OFF (in the case of not applying voltage between the display electrodes 2003 and 2074). each of the liquid crystal 
molecules 2007a to 2007d in the liquid crystal alignment areas K and L is symmetrical with respect to the boundary 
plane P and is inclined in a reverse direction to each other. Meanwhile, when the switching element 2009 is made ON 
(in the case of applying voltage between the display electrodes 2003 and 2074), an electrode fringe electric field, 
wherein an electric f lux fine O is symmetrical with respect to the boundary plane P and is inclined in a reverse direction 
to each other, is formed near the aperture 2074c and near ends 2003a and 2003b of the display electrode 2003. Since 
each of the liquid crystal molecules 2007a to 2007d has a negative dielectric anisotropy. liquid crystal molecules 2007g 
and 2007h near the aperture 2074c as well as the liquid crystal molecules 2007a and 2007c near the ends 2003a and 
2003b are inclined so that a direction of a minor axis of the liquid crystal molecules 2007a. 2007c. 2007g and 2007h as 
parallel with the electric flux line O in the above-mentioned electrode fringe electric field. That is. each of the above- 
mentioned liquid crystal molecule 2007a. 2007c. 2007g and 2007h is further inclined certainly and promptly in a sym- 
metrical direction with respect to the boundary plane P under a great influence of the alignment control force by the 
above-mentioned electrode fringe electric field. 
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101 30] Therefore, in a device according to Embodiment 2-5, an alignment state of a liquid crystal molecule changes 
greatly and smoothly by ON/OFF of an electric field. As a result, the device showed such an excellent display perform- 
ance as a response speed of approximately 15 ms, a display contrast ratio of approximately 300 and a viewing angle 
of ±70°. 

[Supplementary matters in Embodiment 2-5] 

[01 31 J In a device having the above-mentioned constitution, like the above-mentioned Embodiment 2-4, the above- 
mentioned flattening film 2061 can be formed on the lower substrate 2002 with the switching element 2009. According 
to this constitution, since an effect by narrowing a cell gap is added besides an effect by an electrode fringe electric field, 
a device having an even higher response speed can be actualized. 

[01 32] A different voltage from each other may be applied by substituting two or more separated display electrodes 
for the display electrode 2074 which is divided into the area 2074a and the area 2074b through the aperture 2074c as 
described above. Thus, it is possible to enlarge a viewing angle and to obtain various unsymmetrical viewing angle 
characteristics easily; for instance, a viewing angle of a display screen observed from an upper diagonal direction is 
made wider than that of a lower diagonal direction. In order to apply a different voltage to each tfisplay electrode, for 
instance, it is preferred to connect each display electrode through a predetermined supplementary capacity and to pro- 
vide an independent picture signal by connecting a switching element with each cfi splay electrode. In the latter case, a 
viewing angle can be regulated desirably by controlling the voltage of each picture signal. 

[01 33] A predetermined gap was provided for the display electrode 2074 on the lower substrate 2002 in the above- 
mentioned Embodiment 2-5, while a predetermined gap may be provided for the display electrode 2003 on the upper 
substrate 2001 to obtain a divided electrode. 

[0134] Furthermore, Embocfiment 2-5 adopts a structure of providing the switching element 2009. while an idea 
described in Embodiment 2-5 is not limited to this structure and can be applied to a simple matrix type liquid crystal dis- 
play device. 

(Other supplementary matters) 

[0135] In each of the above-mentioned Embodiments, a mixture of two kinds of molecules represented by the 
above-mentioned Chemical Formula 4 (molecule A) and Chemical Formula 5 (molecule B) was used as a silane-based 
chemical adsorbate. Instead of these molecules, it is possfole to use a kind of molecule comprising a fluorocarbon 
group as an end group, a photosensitive group, a linear carbon chain ad/or a finear silaxane combined chain, and a 
functional group including a silicon atom, and to use a mixture of two or more kinds of molecules comprising these func- 
tional groups. Thus, since all precursor molecules composing a thin film have a photosensitive groip, all molecules can 
be crosslinked to each other and an extreme stable structure of alignment can be formed. A desirable pretilt angle can 
be provided by changing the design of such functional groups as a linear carbon chain and/or a linear siloxane com- 
bined chain. 

[0136] In each of the above-mentioned Embodiments, a transmission type liquid crystal display device was 
described as an example, and additionally the present invention can be applied to a reflection type liquid crystal display 
device. Specifically, the present invention can be applied by using such a reflective metallic material as aluminum (AO 
for one of the display electrodes 2003 and 2004 (or 2074). In this case, a silane-based molecule can be chemisorbed 
easily by executing an irracfiation of ultraviolet rays and an asher in an atmosphere of ozone on a surface of the display 
electrode. In addition, a silane-based molecule can be chemisorbed easily by using a reflective substrate including Si 
for one of the upper substrate 2001 and the lower substrate 2002. On the other hand, a reflection type liquid crystal dis- 
play device can be made by means of providing a reflector outside a liquid crystal display device according to the 
above-merrttoned Embodiments. 

[0137] Moreover, in each of the above-mentioned Embodiments, such a mode was descrbed that the alignment 
layers 2005 and 2006 were formed on the display electrodes 2003 and 2004 through a film of SiO* A hydrophilic poly- 
mer like polyvinyl alcohol and gelatin may be substituted for the above-mentioned film of SK) 2 . A method of applying 
may be used as a method of forming a polyvinyl alcohol f flm and a gelatin film. Furthermore, in the present invention, it 
is preferable to determine a pretilt angle ep of the liquid crystal molecule at 80° =s 6p<90° , more preferably 85° sep<90° 
. in terms of aligning a liquid crystal molecule more certainly and obtaining a liquid crystal display device having a high 
contrast excellent response and viewing angle characteristic. 

[01 38] Moreover, in the above-mentioned Embocfiment such a mode was descrfced that a liquid crystal area was 
divided into equal alignment areas, and each alignment area can be made unequal. In addition, each alignment area 
into which a liquid crystal area is divided can be made unequal by changing the disposal of the f8m retardation plate 
201 0. Thus, such a desirable viewing angle characteristic can be provided that a viewing angle is enlarged unsymmet- 
ricaliy. 
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[0139] In adcfition, needless to say. a wavelength of a polarized light irradiated on a thin film plane is not limited to 
365 nm, and it is preferred to determine the wavelength and intensity of the polarized light appropriately according to 
the character of a molecule composing the thin film. The number of times in irradiating is not limited to one, and the 
polarized light may be irradiated with the division into a plurality of times correspondingly to the character of the mole- 
cule composing the thin film. Not merely the polarized light but also an unpolarized ultraviolet ray may be irradiated. Fur- 
thermore, in the above-mentioned Embodiments 2-1 and 2-3 to 2-5, a polarized light was irradiated for the purpose of 
fixing an alignment direction of a molecule composing an alignment layer in a drain-drying direction (that is, a provi- 
sional alignment direction). In this case, an unpolarized ultraviolet ray may be substituted for the polarized light The 
reason is to complete such a purpose that a group of adsorbed molecules are crosslinked with inclination in the drain- 
drying direction to raise the stability of alignment since a reaction of polymerization is caused to form a structure of 
crosslinking by an irradiation of the unpolarized ultraviolet ray. However, it is preferable to use the polarized Tight having 
a polarized direction parallel with the drain-drying direction because of controlling the alignment direction of the 
adsorbed molecule more certainly. 

[0140] Moreover, in the above-mentioned Embodiments 2-3 to 2-5. like the above-mentioned Embodiment 2-2, it is 
possfole to divide a liquid crystal area in a pixel, and thus to improve a viewing angle characteristic of a display screen 
further. 

[0141] As descrbed above, according to the second invention group, a muftidomain type liquid crystal display 
device of a homeotropic alignment mode can be actualized without executing rubbing treatment and photolithography 
process. 

INDUSTRIAL APPLICABILITY 

[0142] As described above, according to the present invention, a fiquid crystal alignment layer, which is noticeably 
thin and uniform without any alignment unevenness. can be provided compared with a conventional liquid crystal align- 
ment layer of an organic polymer. The liquid crystal alignment layer comprises a thin film in a monolayer, and a group 
of molecules composing the thin fflm are bonded and fixed firmly on a surface of a display electrode by chemisorption, 
and the molecule composing the thin film is structured so as to be crosslinked to each other. Therefore, an alignment 
of the molecule composing the thin fflm does not vary with such outer factors as heat and rubbing. In addition, since the 
alignment layer has a structure wherein each molecule of the group of molecules composing the thin film is arrayed in 
a monolayer so as to be involved in controlling an alignment of a liquid crystal molecule, a noticeably excellent align- 
ment control force is exhtoited. 

According to a manufacturing method of the present invention, a muftidomain type liquid crystal alignment layer having 
a different alignment direction in each patterned divided section can be manufactured certainly and efficiently by a com- 
paratively simple means of drain-drying and irradiating a polarized light Furthermore, a muftidomain type liquid crystal 
display device of a homeotropic alignment mode, which has a wide viewing angle, a high image quality, a high contrast 
and an excellent high-speed response, can be actualized by using such a liquid crystal alignment layer according to the 
present invention. Therefore, the industrial significance of a series of the present invention is great 

Claims 

1. A liquid crystal alignment layer comprising: 

a thin film in a monolayer on a surface of a substrate with a display electrode; 
wherein: 

a molecule composing the thin film is bonded chemically on the surface of a substrate an its end; and 
the molecule composing the thin film is polymerized to each other in a state in which an incfination and/or an 
alignment direction of a major axis of the molecule to the substrate plane are different in each area on the thin 
film plane. 

2. A liquid crystal alignment layer according to Claim 1, wherein: 

said thin film is formed by chemisorbtng a chemical adsorbate comprising a photosensitive group, a silicon, and 
a linear carbon chain or a linear siloxane combined chain on a surface of a substrate, and crosslinking a chem- 
ical adsorbate molecule to each other at the photosensitive group part 

3. A liquid crystal alignment layer according to Claim 2, wherein: 

said molecule composing a thin film has a silicon at its end. 
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4. A liquid crystal alignment layer according to Claim 3 f wherein: 

said thin film is composed of a plurality of kinds of molecules with a different length of a major axis of the mol- 
ecule; and 

said plurality of kinds of molecules are bonded with a mixture of them to a surface of a substrate. 

5. A liquid crystal alignment layer according to Claim 4, wherein: 

said plurality of kinds of molecules with a different length of a major axis of the molecule are different in a length 
of a linear carbon chain or a linear siloxane combined chain in a structure of the molecule. 

6. A liquid crystal alignment layer according to Claim 1 , wherein: 

said each area is a plurality of patterned areas into which a section corresponding to a pixel is divided. 

7. A liquid crystal alignment layer according to Claim 6, wherein: 

said thin film is formed by chemisorbing a chemical adsorbate comprising a photosensitive group, a silicon, and 
a linear carbon chain or a linear siloxane combined chain on a surface of a substrate, and crosslinking a chem- 
ical adsorbate molecule to each other at the photosensitive group part 

8. A liquid crystal alignment layer according to Claim 7, wherein: 

said molecule composing a thin film has a silicon at its end. 

9. A liquid crystal alignment layer according to Claim 8, wherein: 

said thin film is composed of a plurality of kinds of molecules with a different length of a major axis of the mol- 
ecule; and 

the plurality of kinds of molecules are bonded with a mixture of them to a surface of a substrate. 

10. A liquid crystal alignment layer according to Claim 9, wherein: 

said plurality of kinds of molecules with a different length of a major axis of the molecule are different in a length 
of a linear carbon chain or a linear siloxane combined chain in a structure of the molecule. 

1 1 . A method of manufacturing a liquid crystal alignment layer comprising the steps of: 

forming a thin film in a monolayer by contacting a cherrisorpfjon solution including a silane-based chemical 
adsorbate. comprising a photosensitive group and a linear carbon chain or a linear siloxane combined chain, 
and a nonaqueous organic solvent on a substrate plane with a display electrode, and chemisorbing a chemical 
adsorbate molecule in the chemisorprjon solution on the substrate plane; and 
providing an alignment comprising the steps of : 

aligning a molecule composing the thin film in a certain direction provisionally by drain-drying the washing 
solution while setting up the substrate in a certain direction after washing said thin film in a monolayer with 
a washing solution comprising a nonaqueous organic solvent; and 

crosslinking the molecule composing the thin film to each other in a particular direction by irradiating a pat- 
terned polarized fight having a different polarized direction on the provisionally aligned thin film plana 

1 2. A method of manufacturing a liquid crystal alignment layer according to Claim 1 1 , wherein: 

a mixture of two or more kinds of silane-based compounds is used as said silane-based chemical adsorbata 

1 3. A method of manufacturing a liquid crystal alignment layer according to Claim 1 2. wherein: 

a mixture of two or more kinds of silane-based compounds with a different length of a major axis of a molecule 
is used as said two or more kinds of silane-based compounds 
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14. A method of manufacturing a liquid crystal alignment layer according to Claim 13, wherein: 

an inclination of a molecule with a longest major axis to a substrate is controlled by changing a mixture ratio of 
said two or more kinds of silane-based compounds as said silane-based chemical adsortate; and 
desirable pretilt angle and/or pretilt direction are provided for a liquid crystal alignment layer. 

15. A method of manufacturing a liquid crystal alignment layer according to Claim 13, wherein: 

an inclination of a molecule with a longest major axis to a substrate is controlled by changing a length of a mol- 
ecule with a short major axis in comparison with each other without changing a mixture ratio of said two or 
more kinds of silane-based compounds; and 

desirable pretilt angle and/or pretilt cfirection are provided for a liquid crystal alignment layer. 

16. A method of manufacturing a liquid crystal alignment layer according to Claim 1 1, wherein: 

a compound comprising a photosensitive group; one or more chain among a group consisting of a linear car- 
bon chain and a linear siloxane combined chain; and one or more organic group among a group consisting of 
a chlorosilyl group, an alkoxysilyf group and an isocyanatosilyl group is used as said silane-based chemical 
adsorbate. 

17. A method of manufacturing a liquid crystal alignment layer according to Claim 16. wherein: 

a mixture of two or more kinds of said compounds, wherein a length of a molecule is made different by chang- 
ing a length of one or more chain among a group consisting of a linear carbon chain and a linear siloxane com- 
bined chain, is used as said silane-based chemical adsorbate. 

18. A method of manufacturing a liquid crystal alignment layer according to Claim 16, wherein: 

an inclination of a molecule with a longest major axis to a substrate is controlled by changing a mixture ratio of 
two or more kinds of said compounds and/or controlling a length of a molecule of each compound; and 
a desirable liquid crystal alignment characteristic is provided for a liquid crystal alignment layer. 

19. A method of manufacturing a liquid crystal alignment layer according to Claim 16, wherein: 

a solvent including at least one organic group among a group consisting of an alkyl group, a fluorocarbon 
group, a chlorocarbon group and a siloxane group is used as a nonaqueous organic solvent 

20. A method of manufacturing a liquid crystal alignment layer according to Claim 16, wherein: 

said compound comprises, at an end or a part of said linear carbon chain or linear siloxane combined chain, 
at least one organic group among a group consisting of a carbon trifluoride group (— CF 3 ), a methyl group 
(— CH 3 ), a vinyl group (— CH=CH2), an allyl group (— CH=CH— ). an acetylene group (triple bond: — C-C— ), 
a phenyl group (— Cehy, an aryl group (— Cel-U— ), a halogen atom, an alkoxy group ( — OR; R is an alkyl 
group), a cyano group (— CN), an amino grotp (— NHg), a hydroxy! group (—OH), a carbonyl group (=CO). 
an ester group ( — COO — ) and a carboxyl group ( — COOH). 

21 . A method of manufacturing a liquid crystal alignment layer according to Claim 20, wherein: 

an inclination of a molecule with a longest major axis to a substrate is controlled by changing a mixture ratio of 
two or more kinds of said compounds and/or controlling a length of a molecule of each compound; and 
a desirable Rqirid crystal alignment characteristic is provided for a liquid crystal alignment layer. 

22. A method of manufacturing a liquid crystal alignment layer according to Claim 20. wherein: 

a mixture of two or more kinds of said compounds, wherein a length of a molecule is made different by chang- 
ing a length of one or more chain among a group consisting of a linear carbon chain and a linear siloxane com- 
bined chain, is used as said silane-based chemical adsorbate. 
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23. A method of manufacturing a liquid crystal alignment layer according to Claim 20, wherein: 

a solvent including at least one organic group among a group consisting of an alkyl groip. a fluorocarbon 
group, a chlorocarbon group and a siloxane group is used as a nonaqueous organic solvent 

24. A method of manufacturing a liquid crystal alignment layer according to Claim 1 1 , wherein: 

said step of crosslinWng is the step of changing an inclination and/or an alignment direction of a molecule com- 
posing a thin film to a substrate plane in each of a plurafity of patterned divided sections of an alignment layer, 
into which a section corresponding to a pixel is divided, by irradiating a polarized light two or more times, with 
a different polarized direction and a different irradiation area in each irradiation, on a provisionally aligned thin 
film plane in said step of aligning provisionally. 

25. A method of manufacturing a liquid crystal alignment layer according to Claim 11, wherein: 
said step of providing an alignment is: 

the step of repeating two or more times a series of steps comprising: 

a first alignment step of aligning a molecule composing the thin fim in a certain direction provisionally 
by drain-drying the washing solution while setting up a substrate in a certain direction after washing a 
thin f flm in a monolayer with a washing solution comprising a nonaqueous organic solvent; and 
a second alignment step of irradiating a polarized light having a polarized direction approximately par- 
allel with a provisional alignment direction in said first alignment step; and 

the step of changing an inclination and/or an alignment direction of a major axis of the molecule compos- 
ing the thin film to a substrate plane in each of a plurality of patterned divided sections of an alignment 
layer, into which a section corresponding to a pixel is divided, by making a drain-drying direction at an N- 
th time (N is an integer of 2 or more) differ from a drain-drying direction at a first time through an [N— 1]-th 
time as weH as making an irradiation area on the substrate in an irradiation of a polarized light at an N-th 
time subsequently to a drain-drying at an N-th time differ from an irradiation area at a first time through an 
[N — 1]-th time. 

26. A method of manufacturing a liquid crystal alignment layer according to Claim 1 1 , wherein: 

a step of forming a preparation layer comprising an SiOH group on a substrate plane is added before said step 
of forming a thin film. 

27. A liquid crystal display device comprising: 
at least a pair of opposite substrates; 

a liquid crystal alignment layer on a surface of at least a substrate with a display electrode of said pair of sub- 
strates; and 

a liquid crystal accommodated in a cell gap between said pair of opposite substrates; 
wherein: 

said liquid crystal alignment layer is a thin film in a monolayer which is formed by bonding a chemical adsorbate 

molecule to the surface of a substrate and crosslinWng the chemical adsorbate molecule to each other; 

an inclination and/or an alignment direction of a major axis of the adsorbate molecule to a substrate plane are 

different in each of patterned cEvided sections of the alignment layer into which a pixel is divided; and 

a pretift angle and/or a pretift direction of a liquid crystal molecule accommodated in said cell gap are controlled 

by said inclination and/or alignment direction of a major axis of the adsorbate molecule to a substrate plane. 

28. A liquid crystal display device according to Claim 27, wherein: 

a liquid crystal accommodated between said pair of opposite substrates is a nematic liquid crystal; and 
said cell gap is determined so that a liquid crystal molecule is aligned twistedly at an angle of 90° or 180° 
through 270°. 
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29. A liquid crystal display device according to Claim 27, wherein: 

said liquid crystal display device is an in-plane switching type liquid crystal display device in which a pair of dis- 
play electrodes is formed on a substrate plane. 

5 

30. A method of manufacturing a liquid crystal display device comprising at least the steps of: 

forming a thin film in a monolayer by contacting a chemisorption solution including a silane-based chemical 
adsorbate, comprising a photosensitive group and a linear carbon chain or a linear siloxane combined chain, 
io and a nonaqueous organic solvent on a substrate plane with a display electrode, and chemisorbing a chemical 

adsorbate molecule in said chemisorption solution at an end in a direction of a major axis of the molecule on 
the substrate plane; 

aligning a molecule composing the thin film in a certain direction provisionally by drain-drying the washing solu- 
tion while setting up a substrate in a certain direction after washing said thin film in a monolayer with a washing 

is solution comprising a nonaqueous organic solvent; 

providing an alignment by irradiating a patterned polarized light having a different polarized direction on a pro- 
visionally aligned thin fflm plane, crossIinWng the chemical adsorbate molecule to each other, and forming a 
substrate with a liquid crystal alignment layer, in which an inclination and/or an alignment direction of a major 
axis of the molecule composing the thin film to the substrate plane are different; and 

20 forming a liquid crystal cell by disposing a liquid crystal between both substrates after opposing said substrate 

with a liquid crystal alignment layer and an opposite substrate with at least an opposite electrode, through a 
surface with an electrode, with a predetermined cell gap. 

31 . A method of manufacturing a liquid crystal cfisplay device according to Claim 30. wherein: 

25 . 

a nematic liquid crystal is used as a liquid crystal disposed between said both substrates; and 
an inclination and/or an alignment direction of a major axis of a molecule composing said thin film to a sub- 
strate plane, and a cell gap are constructed so that a liquid crystal molecule is aligned twistedly at an angle of 
90° or 180° through 270°. 

30 

32. A liquid crystal display device comprising: 

a pair of substrates with a display electrode inside each of them; 
a liquid crystal alignment layer on an inside of at least one of said pair of substrates; 
35 a liquid crystal layer including a liquid crystal with a negative dielectric anisotropy disposed in a gap between 

said pair of substrates; and 
a polarizer disposed outside said pair of substrates; 
wherein: 

a liquid crystal molecule of said liquid crystal layer is aligned approximately vertically to the substrate under no 

40 application of a voltage; 

said liquid crystal alignment layer is a thin film in a monolayer in which a chemical adsorbate including a com- 
pound having a photosensitive group is bonded directly or through a preparation layer to a substrate plane at 
an end of a major axis of a molecule, and a molecule having at least the photosensitive group is crosslinked to 
each other in a particular cfirection at the photosensitive group part; and 

45 an inclination and/or an alignment direction of a molecule composing said thin film to the substrate are different 

in each of divided sections of the alignment layer into which a pixel is divided with a predetermined pattern. 

33. A liquid crystal display device according to Claim 32, wherein: 

so a pretift angle and/or a pretilt direction of a liquid crystal molecule of said liquid crystal layer are controlled by 

an inclination and/or an alignment direction of a molecule composing said thin fflm to a substrate. 

34. A liquid crystal display device according to Claim 33. wherein: 

ss an inclination and/or an alignment direction of a molecule composing a thin f am in adjacent divided sections of 

an alignment layer are symmetrical to their respective counterparts with respect to a boundary plane between 
said adjacent divided sections of an alignment layer. 
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35. A liquid crystal display device according to Claim 34, wherein: 

said compound having a photosensitive group is a compound having a photosensitive group, a linear carton 
chain and/or a finear siloxane combined chain, and a functional group including a silicon atom. 

36. A liquid crystal display device according to Claim 35, wherein: 

said thin film comprises a molecule with a repellency, or two or more kinds of molecules including a molecule 
with a repellency. 

37. A liquid crystal display device according to Claim 36, wherein: 

said molecule with a repellency is a molecule having a fluorocarbon group as an end group. 

38. A liquid crystal display device according to Claim 37, wherein: 

said molecule having a fluorocarbon group as an end group has further a linear carbon chain and/or a linear 
siloxane combined chain, and a functional group including a silicon atom. 

39. A liquid crystal display device according to Claim 33. wherein: 

a switching element for controlling a voltage appGed to a display electrode is provided for one of said pair of 
substrates. 

40. A liquid crystal display device according to Claim 39, wherein: 

a flattening film for flattening the display electrode is provided between said substrate and display electrode. 

41 . A liquid crystal display device according to Claim 40. wherein: 

at least one of a pair of cfisplay electrodes is structures so that a pixel unit is composed of a plurality of divided 
electrodes corresponding to said divided section of an alignment layer, and a predetermined gap is provided 
between each of said divided electrodes. 

42. A liquid crystal display device according to Claim 33. wherein: 

at least one of a pair display electrodes is structured so that a pixel unit is composed of a plurality of divided 
electrodes corresponding to said divided section of an alignment layer, and a predetermined gap is provided 
between each of sad divided electrodes. 

43. A liquid crystal display device according to Claim 42, wherein: 

a flattening film for flattening the cfisplay electrode is provided between said substrate and display electrode. 

44. A liquid crystal display device according to Claim 33. wherein: 

one of said pair of substrates or one of said pair of display electrodes comprises a material for reflecting a fight. 

45. A liquid crystal display device according to Claim 33, wherein: 

a pretflt angle ep of a liquid crystal molecule satisfies 80° s Gp<90°. 

45. A liquid crystal display device according to Claim 33. wherein: 

at least one retardation plate is provided outside one of said pair of substrates. 

46. A method of manufacturing a liquid crystal display device comprising: 
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a pair of substrates with a display electrode inside each of them; 

a liquid crystal alignment layer on an inside of at least one of said pair of substrates; 

a liquid crystal layer including a liquid crystal with a negative dielectric anisotropy disposed in a gap between 

said pair of substrates; and 

a polarizer disposed outside said pair of substrates; 

wherein: 

a liquid crystal molecule of said liquid crystal layer is aligned approximately vertically to the substrate under no 

application of a voltage; 

said method comprising the steps of: 

forming the display electrode on each of said substrates; 

forming a monomolecular film (a thin film in a monolayer) by chemisorbing a chemical adsorbate compris- 
ing a compound having a functional group with a repellency and a compound having a photosensitive 
group on each of said display electrodes; 

aligning a molecule composing the thin film in a certain direction provisionally by drain-drying the non- 
aqueous organic solvent in a certain direction after infiltrating a nonaqueous organic solvent into said thin 
film; 

forming the substrate with the alignment layer, in which an inclined direction of the molecule composing 
the thin film is different in each of a plurality of patterned divided sections of the alignment layer into which 
a pixel area is divided, by irradiating a patterned energy beam on the provisionally aligned thin film in the 
step of aligning provisionally, aligning the molecule composing the thin film again, crosslinking the mole- 
cule composing the thin film to each other, and fixing said alignment state at the second time; 
constructing the substrate by opposing said pair of substrates with the alignment layer so that the divided 
section of each alignment layer corresponds to its counterpart, and sticking the substrates with a prede- 
termined gap between the alignment layers; and 

injecting a liquid crystal material including a liquid crystal with a negative dielectric anisotropy into said gap 
to form the liquid crystal layer. 

47. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 

said compound having a functional group with a repellency is a compound having a fluorocarbon group as an 
end group. 

48. A method of manufacturing a liquid crystal display device according to Claim 47, wherein: 

said compound having a fluorocarbon group as an end group has further a linear carbon chain and/or a linear 
siloxane combined chain, and a functional group including a silicon atom. 

49. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 

said compound having a photosensitive group has further a linear carbon chain and/or a linear siloxane com- 
bined chain, and a functional group including a silicon atom. 

50. A method of manufacturing a liquid crystal display device according to Claim 49, wherein: 

said compound having a functional group with a repellency is a compound having a fluorocarbon group as an 
end group. 

51 . A method of manufacturing a liquid crystal display device according to Claim 50, wherein: 

said compound having a fluorocarbon grotp as an end grotp has further a linear carbon chain and/or a linear 
siloxane combined chain, and a functional group including a silicon atom. 

52. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 

said step of forming a substrate with an alignment layer is the step of changing an inclination and/or an align- 
ment direction of a molecule composing the thin film to a substrate plane in each of a plurality of patterned 
divided sections of an afignment layer, into which an area on a thin fflm corresponding to a pixel is divided, by 
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irradiating a polarized light two or more times, with a different polarized direction and a different irraciation area 
in each irradiation, on a provisionally aligned thin film plane in said step of aligning provisionally. 

53. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 
said step of forming a substrate with an alignment layer is: 

the step of repeating two or more times a series of steps comprising: 

a first alignment step of aligning a molecule composing the thin film in a certain direction provisionally 
by drain-drying in a certain direction after infiltrating a nonaqueous organic solvent into a thin film in a 
monolayer, and 

a second alignment step of irradiating a polarized light having a polarized direction approximately par- 
allel with a provisional alignment direction in said first alignment step; and 

the step of changing an inclination and/or an alignment direction of a major axis of the molecule compos- 
ing the thin film to a substrate plane in each of a plurality of patterned divided sections of an alignment 
layer, into which an area on the thin film corresponding to a pixel is divided, by making a drain<lrying direc- 
tion at an N-th time (N is an integer of 2 or more) differ from a drain-drying direction at a first time through 
an [N — 1]-th time as well as making an irradiation area on a substrate in an irradiation of a polarized light 
at an N-th time subsequent to a drain-drying at an N-th time differ from an irradiation area at a first time 
through an [N— 1 J-th time. 

54. A method of manufacturing a liquid crystal display device according to Claim 46. wherein: 

said manufacturing method comprises further the step of providing a switching element for controlling a voltage 
applied to a display electrode for one of said pair of substrates. 

55. A method of manufacturing a liquid crystal display device according to Claim 54. wherein: 

said manufacturing method comprises further the step of providing a flattening film for flattening the display 
electrode between said substrate and display electrode. 

56. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 

said manufacturing method comprises further the step of forming a plurality of divided electrodes correspond- 
ing to said divided section of an alignment layer by providing a groove with a predetermined gap for at least 
one of said pair of display electrodes. 

57. A method of manufacturing a liquid crystal display device according to Claim 46, wherein: 

one of said pair of substrates or one of said pair of display electrodes comprises a material for reflecting a fight. 
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Fig. 3 
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Fig. 4 
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Fig. 12 
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Fig. 16 
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